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TITLE OF THE INVENTION 

LOCI FOR IDIOPATHIC GENERALIZED EPILEPSY, 
MUTATIONS THEREOF AND METHOD USING SAME TO ASSESS, 
DIAGNOSE, PROGNOSE OR TREAT EPILEPSY 

5 FIELD OF THE INVENTION 

The present invention relates to epilepsy. More 
particularly, the present invention relates to idiopathic generalized 
epilepsy (IGE) and to the identification of three loci mapping to 
chromosome 2, which show a linkage with epilepsy in patients. The 
10 invention further relates to nucleic acid sequences, and protein sequences 
of these loci (SCNA), to variations and mutations in these sequences and 
to the use thereof to assess, diagnose, prognose or treat epilepsy. 

BACKGROUND OF THE INVENTION 

Epilepsy is one of the most common neurological 
15 conditions, occurring in about 1.0% of the general population. The 
disease is characterised by paroxysmal abnormal electrical discharges in 
the brain, which lead to transient cerebral dysfunction in the form of a 
seizure. A seizure is considered partial when the epileptic discharge is 
limited to part of one brain hemisphere, or generalised when it involves 
20 both cerebral hemispheres at the onset. The current classification of the 
epileptic syndromes rests on two criteria: 1) seizure type which may be 
generalised or partial at the onset, according to clinical and EEG features; 
and 2) etiology, which may be idiopathic, cryptogenic and symptomatic. 
Symptomatic epilepsies have multiple and heterogeneous causes including 
25 brain injury, CNS infection, migrational and metabolic disorders. In the 
majority (65%) of the patients with either generalised or partial epilepsy, there 
is no underlying cause (idiopathic) or the cause is though to be hidden or 
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occult (cryptogenic). Also, in the idiopathic epileptic syndromes, there is no 
evidence of cerebral dysfunction other than the seizure, and the neurological 
examination is normal. There is now increasing evidence that in this latter 
group, genetic factors are important, especially for the idiopathic generalised 
5 epilepsy (IGE). In a recent study, Berkovic et a! (1998) showed a 62% 
concordance rate in monozygotic twins overall for epilepsy. In this study, a 
higher concordance rate has been found in the generalised compared to the 
partial epilepsies, with 76% concordance rate for IGE. Recent studies using 
molecular genetic approaches have shown that many susceptibility genes for 

1 0 the epilepsies in human involve membrane ion channel and related proteins. 
These studies include the syndrome of benign familial neonatal convulsions 
where two loci have been identified [EBN1 on chromosome 20, the KCNQ2 
gene (a potassium channel); and EBN2 on chromosome 8, the KCNQ3 gene 
(also a potassium channel)] (Bievert et al, 1998; Charlier et al, 1998; Singh et 

15 al, 1998), as well as autosomal dominant nocturnal frontal lobe epilepsy 
[ADNFLE - chromosome 20, and the CHRNA4 gene (the neuronal nicotinic 
acetylcholine receptor alpha 4 subunit)] (Steinlein et al, 1995). More recently, 
there was a clinical description of a new syndrome (GEFS), which consisted 
of generalised epilepsy with febrile seizures. According to the current 

20 classification of epileptic syndrome, this syndrome would fall in the 
category of IGE, based on the seizure and electroencaphalographic 
features. However, febrile seizures were present in all probants with 
GEFS, and the pattern of inheritance was clearly autosomal dominant, 
which are not part of the usual IGE phenotype. This unique GEF-S 

25 syndrome has been shown to be associated with a mutation on the beta-1 
subunit of brain voltage-gated sodium channel (SGN1B) gene (Wallace et 
al, 1998). In addition, three different groups, including the group of the 
present inventors, have identified another locus on chromosome 2 in large 
kindred with this specific syndrome (GEFS). This region contains many 
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candidate genes, including a cluster of alpha subunits of sodium channels 
(SCNA). Voltage-gated sodium channels play an important role in the 
generation of action potential in nerve cells and muscle. The alpha subunit 
(SCNA) is the main component of the channel, and would be sufficient to 
5 generate an efficient channel when expressed in cells in vitro. In turn, the 
beta-1 and 2 subunits need an alpha subunit to give an effective channel. 
The role of these subunits would be to modifiy the kinetic properties of the 
channel, mainly by fast inactivation of the sodium currents. The mutation 
found in the GEFS syndrome on the SCN1B gene was shown to reduce 

10 the fast inactivation of the sodium channels as compared to a normal 
SCNB1, when co-expressed with an alpha subunit. It is probable that this 
could be the mechanism by which the mutation induce an hyperexcitability 
state in the brain, leading to seizure in humans. Interestingly, the 
mechanism of action of most of the anticonvulsant drugs is through a 

15 reduction of the repetitive firing of neurons, which is also known to be 
dependent on fast inactivation. These finding make it likely that additional 
epilepsy genes will be identified by mutations in Ion channels. 

There thus remains a need to identify whether IGE is 
caused by a mutation in a sodium channel (SCNA). There also remains a 

20 need to assess whether a mutation(s) in SCNA is associated with GEFs. 
There also remains a need to determine whether a mutation that affects 
the fast inactivation of a sodium channel, given the particular phenotype of 
GEFS or IGE, could be linked to a region which includes SCNA genes. 

The present invention seeks to meet these and other 

25 needs. 

The present description refers to a number of 
documents, the content of which is herein incorporated by reference in 
their entirety. 
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SUMMARY OF THE INVENTION 

In one embodiment, the present invention relates to a 
genetic assay for determining predisposition to epilepsy. 

In another embodiment, the present invention relates to 
5 a use of at least one of the loci of the present invention or an equivalent 
thereof (e.g. a loci in linkage disequilibrium therewith) as a marker for 
epilepsy and to determine the optimal treatment thereof (e.g. to guide the 
treatment modalities, thereby optimizing treatment to a particular clinical 
situation). 

10 Yet in another embodiment, the present invention 

relates to an assay to screen for drugs for the treatment and/or prevention 
of epilepsy. In a particular embodiment, such assays can be designed 
using cells from patients having a known genotype at one of the loci of the 
present invention. These cells harboring recombinant vectors can enable 

15 an assessment of the functionality of the SCN1A, and/or SCN2A and/or 
SCN3A and a combination thereof. Non-limiting examples of assays that 
could be used in accordance with the present invention include cis-trans 
assays similar to those described in U.S. P. 4,981 ,784. 

It shall be understood that the determination of allelic 

20 variations in at least one of the loci of the present invention can be 
combined to the determination of allelic variation in other gene/markers 
linked to a predisposition to epilepsy. This combination of genotype 
analyses could lead to better diagnosis programs and/or treatment of 
epilepsy. Non-limiting examples of such markers include SCN1B, EBN1, 

25 KCNQ2, EBN2, KCNQ3, ADNFLE and CHRNA4. 

In accordance with the present invention, there is 
therefore provided a method of determining an individual's predisposition 
to epilepsy, which comprises determining the genotype of at least one 
locus selected from the group consisting of SCN1A, SCN2A and SCN3A. 
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In one particular embodiment, the present invention provides a method of 
determining an individual's predisposition to epilepsy, which comprises 
determining a polymorphism (directly or indirectly by linkage 
disequilibrium) in a biological sample of an individual and analyzing the 
5 allelic variation in at least one of the loci selected from SCN1A, SCN2A 
and SCN3A, thereby determining an individual's predisposition to 
epilepsy. 

In accordance with the present invention, there is also 
provided a method for identifying, from a library of compounds, a 

10 compound with therapeutic effect on epilepsy or other neurological 
disorders comprising providing a screening assay comprising a 
measurable biological activity of SCN1A, SCN2A or SCN3A protein or 
gene; contacting the screening assay with a test compound; and detecting 
if the test compound modulates the biological activity of SCN1A, SCN2A 

15 or SCN3A protein or gene; wherein a test compound which modulates the 
biological activity is a compound with this therapeutic effect. 

Also provided within the present invention is a 
compound having therapeutic effect on epilepsy or other neurological 
disorders, identified by a method comprising: providing a screening assay 

20 comprising a measurable biological activity of SCN1A, SCN2A or SCN3A 
protein or gene; contacting the screening assay with a test compound; 
and detecting if the test compound modulates the biological activity of 
SCN1A, SCN2A or SCN3A protein or gene, wherein a test compound 
which modulates the biological activity is a compound with this therapeutic 

25 effect. 

SCN1A, SCN2A and SCN3A refers to genes and 
proteins for Sodium Channel, Neuronal Type I, Alpha Subunit isoforms, 
and are described at OMIM # 182389 (Online Mendelian Inheritance in 
Man). These genes are structurally distinct sodium channel alpha-subunit 
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isoforms in brain, also known as brain types I, II and ill, respectively. 
Gene, cDNA and protein sequences for the various isoforms are shown in 
SEQ IDNOS:1-98. 

Numerous methods for determining a genotype are 
5 known and available to the skilled artisan. All these genotype 
determination methods are within the scope of the present invention. In a 
particular embodiment of a method of the present invention, the 
determination of the genotype comprises an amplification of a segment of 
one of the loci selected from the group consisting of SCN1A, SCN2A and 

10 SCN3A and in a particularly preferred embodiment, the amplification is 
carried out using polymerase chain reaction. 

In a particular embodiment, a pair of primers is 
designed to specifically amplify a segment of one of the markers of the 
present invention. This pair of primers is preferably derived from a nucleic 

15 acid sequence of SCN1A, SCN2A or SCN3A or from sequences flanking 
these genes, to amplify a segment of SCN1A, SCN2A or SCN3A (or to 
amplify a segment of a loci in linkage disequilibrium with at least one of 
the loci of the present Invention). While a number of primers are 
exemplified herein, other primer pairs can be designed, using the 

20 sequences of the SCN1A, SCN2A and SCN3A nucleic acids molecules 
described hereinbelow. The same would apply to primer pairs from loci in 
linkage disequilibrium with the markers of the present invention. 

Restriction fragment length polymorphisms can be 
used to determine polymorphisms at the SCN1A, SCN2A and SCN3A loci 

25 (and equivalent loci). 

While human SCN1A, SCN2A and SCN3A are 
preferred sequences (nucleic acid and proteins) in accordance with the 
present invention, the invention should not be so limited. Indeed, in view 
of the significant conservation of these genes throughout evolution, 
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sequences from different species, and preferably mammalian species, 
could be used in the assays of the present invention. One non-limiting 
example is the rat SCN1A ortholog gene which shows 95% identity with 
the human SCN1A gene. The significant conservation of the mouse 
5 SCN1A gene can also be observed in OMIM (see above). 

In order to provide a clear and consistent 
understanding of terms used in the present description, a number of 
definitions are provided hereinbelow. 

As used herein the term "RFLP" refers to restriction 

1 0 fragment length polymorphism. 

The terms "polymorphism", "DNA polymorphism" and 
the like, refer to any sequence in the human genome which exists in more 
than one version or variant in the popuiation. 

The term "linkage disequilibrium" refers to any degree 

15 of non-random genetic association between one or more allele(s) of two 
different polymorphic DNA sequences, that is due to the physical 
proximity of the two loci. Linkage disequilibrium is present when two DNA 
segments that are very close to each other on a given chromosome will 
tend to remain unseparated for several generations with the consequence 

20 that alleles of a DNA polymorphism (or marker) in one segment will show 
a non-random association with the alleles of a different DNA 
polymorphism (or marker) located in the other DNA segment nearby. 
Hence, testing of a marker in linkage desiquilibrium with the 
polymorphisms of the present invention at the SCN1A, SCN2A and/or 

25 SCN3A genes (indirect testing), will give almost the same information as 
testing for the SCN1A, SCN2A and SCN3A polymorphisms directly. This 
situation is encountered throughout the human genome when two DNA 
polymorphisms that are very close to each other are studied. Linkage 
disequilibriums are well known in the art and various degrees of linkage 
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disequilibrium can be encountered between two genetic markers so that 
some are more closely associated than others. 

It shall be recognized by the person skilled in the art to 
which the present invention pertains, that since some of the 
5 polymorphisms or mutations herein identified in the SCN1A, SCN2.A 
and/or SCN3A genes can be within the coding region of the genes and 
therefore expressed, that the present invention should not be limited to 
the identification of the polymorphisms/mutations at the DNA level 
(whether on genomic DNA, amplified DNA, cDNA, or the like). Indeed, 

10 the herein-identified polymorphisms and/or mutations could be detected at 
the mRNA or protein level. Such detections of polymorphism identification 
on mRNA or protein are known in the art. Non-limiting examples include 
detection based on oligos designed to hybridize to mRNA or ligands such 
as antibodies which are specific to the encoded polymorphism (i.e. 

1 5 specific to the protein fragment encoded by the distinct polymorphisms). 

Nucleotide sequences are presented herein by single 
strand, in the 5' to 3' direction, from left to right, using the one letter 
nucleotide symbols as commonly used in the art and in accordance with 
the recommendations of the lUPAC-lUB Biochemical Nomenclature 

20 Commission. 

Unless defined otherwise, the scientific and 
technological terms and nomenclature used herein have the same 
meaning as commonly understood by a person of ordinary skill to which 
this invention pertains. Generally, the procedures for cell cultures, 
25 infection, molecular biology methods and the like are common methods 
used in the art. Such standard techniques can be found in reference 
manuals such as for example Sambrook et al. (1989, Molecular Cloning - 
A Laboratory Manual, Cold Spring Harbor Laboratories) and Ausubel et al. 
(1994, Current Protocols in Molecular Biology, Wiley, New York). 
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The present description refers to a number of 
routinely used recombinant DNA (rDNA) technology terms. Nevertheless, 
definitions of selected examples of such rDNA terms are provided for 
clarity and consistency. 
5 As used herein, "nucleic acid molecule", refers to a 

polymer of nucleotides. Non-limiting examples thereof include DNA (i.e. 
genomic DNA, cDNA, RNA molecules (i.e. mRNA) and chimeras of DNA 
and RNA. The nucleic acid molecule can be obtained by cloning 
techniques or synthesized. DNA can be double-stranded or 

10 single-stranded (coding strand or non-coding strand [antisense]). 

The term "recombinant DNA" as known in the art refers 
to a DNA molecule resulting from the joining of DNA segments. This is 
often referred to as genetic engineering. 

The term "DNA segment", is used herein, to refer to a 

15 DNA molecule comprising a linear stretch or sequence of nucleotides. 
This sequence when read in accordance with the genetic code, can 
encode a linear stretch or sequence of amino acids which can be referred 
to as a polypeptide, protein, protein fragment and the like. 

The terminology "amplification pair" refers herein to a 

20 pair of oligonucleotides (oligos) of the present invention, which are 
selected to be used together in amplifying a selected nucleic acid 
sequence by one of a number of types of amplification processes, 
preferably a polymerase chain reaction. Other types of amplification 
processes include ligase chain reaction, strand displacement 

25 amplification, or nucleic acid sequence-based amplification, as explained 
In greater detail below. As commonly known in the art, the oligos are 
designed to bind to a complementary sequence under selected 
conditions- 
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The nucleic acid (i.e. DNA, RNA or chimeras thereof) 
for practicing the present invention may be obtained according to well 
known methods. 

Oligonucleotide probes or primers of the present 
5 invention may be of any suitable length, depending on the particular 
assay format and the particular needs and targeted genomes employed. 
In general, the oligonucleotide probes or primers are at least 12 
nucleotides in length, preferably between 15 and 24 molecules, and they 
may be adapted to be especially suited to a chosen nucleic acid 

10 amplification system. As commonly known in the art, the oligonucleotide 
probes and primers can be designed by taking into consideration the 
melting point of hydrizidation thereof with its targeted sequence (see 
below and in Sambrook et a!., 1989, Molecular Cloning -A Laboratory 
Manual, 2nd Edition, CSH Laboratories; Ausubel et al., 1989, in Current 

15 Protocols in Molecular Biology, John Wiley & Sons Inc., N.Y.). 

The term "DNA" molecule or sequence (as well as 
sometimes the term "oligonucleotide") refers to a molecule comprised of 
the deoxyribonucleotides adenine (A), guanine (G), thymine (T) and/or 
cytosine (C). Sometimes, in a double-stranded form, it can comprise or 

20 include a "regulatory element" according to the present invention, as the 
term is defined herein. The term "oligonucleotide" or "DNA" can be found 
in linear DNA molecules or fragments, viruses, plasmids, vectors, 
chromosomes or synthetically derived DNA. As used herein, particular 
double-stranded DNA sequences may be described according to the 

25 normal convention of giving only the sequence in the 5' to 3' direction. Of 
course, as very well-known, DNA molecules or sequences are often in 
single stranded form. 

"Nucleic acid hybridization" refers generally to the 
hybridization of two single-stranded nucleic acid molecules having 
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complementary base sequences, which under appropriate conditions will 
form a thermodynamically favored double-stranded structure. Examples of 
hybridization conditions can be found in the two laboratory manuals 
referred to above (Sambrook et al., 1989, supra and Ausubel et al., 1989, 
5 supra) and are commonly known in the art. In the case of a hybridization 
to a nitrocellulose filter, as for example in the well known Southern blotting 
procedure, a nitrocellulose filter can be incubated overnight at 65°C with a 
labeled probe in a solution containing 50% formamide, high salt (5 x SSC 
or 5 X SSPE), 5 x Denhardt's solution, 1% SDS, and 100 |jg/ml denatured 

10 carrier DNA (i.e. salmon sperm DNA). The non-specifically binding probe 
can then be washed off the filter by several washes in 0.2 x SSC/0.1% 
SDS at a temperature which is selected in view of the desired stringency: 
room temperature (low stringency), 42°C (moderate stringency) or 65°C 
(high stringency). The selected temperature is based on the melting 

15 temperature (Tm) of the DNA hybrid. Of course, RNA-DNA hybrids can 
also be formed and detected. In such cases, the conditions of 
hybridization and washing can be adapted according to well known 
methods by the person of ordinary skill. Stringent conditions will be 
preferably used (Sambrook et al.,1989, supra). 

20 Probes of the invention can be utilized with naturally 

occurring sugar-phosphate backbones as well as modified backbones 
including phosphorothioates, dithionates, alkyi phosphonates and 
nucleotides and the like. Modified sugar-phosphate backbones are 
generally taught by Miller, 1988, Ann. Reports Med. Chem. 23:295 and 

25 Moran et al., 1987, Nucleic Acids Res., 14:5019. Probes of the invention 
can be constructed of either ribonucleic acid (RNA) or deoxyribonucleic 
acid (DNA), and preferably of DNA. 

The types of detection methods in which probes can be 
used include Southern blots (DNA detection), dot or slot blots (DNA, 
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RNA), and Northern blots (RNA detection). Although less preferred, 
labeled proteins could also be used to detect a particular nucleic acid 
sequence to which it binds. More recently, PNAs have been described 
(Nielsen et al. 1999, Current Opin. Biotechnol. 10:71-75). PNAs could 
5 also be used to detect the polymorphisms of the present invention. Other 
detection methods include kits containing probes on a dipstick setup and 
the like. 

Although the present invention is not specifically 
dependent on the use of a label for the detection of a particular nucleic 

10 acid sequence, such a label might be beneficial, by increasing the 
sensitivity of the detection. Furthermore, it enables automation. Probes 
can be labeled according to numerous well known methods (Sambrook et 
al., 1989, supra). Non-limiting examples of labels include ^H, '"^C, ^^P, and 
^^S. Non-limiting examples of detectable markers include ligands, 

15 fluorophores, chemiluminescent agents, enzymes, and antibodies. Other 
detectable markers for use with probes, which can enable an increase in 
sensitivity of the method of the invention, include biotin and 
radionucleotides. It will become evident to the person of ordinary skill that 
the choice of a particular label dictates the manner in which it is bound to 

20 the probe. 

As commonly known, radioactive nucleotides can be 
incorporated into probes of the invention by several methods. Non-limiting 
examples thereof include kinasing the 5' ends of the probes using gamma 
^^P ATP and polynucleotide kinase, using the Klenow fragment of Pol I of 
25 E. coli in the presence of radioactive dNTP (i.e. uniformly labeled DNA 
probe using random oligonucleotide primers in low-melt gels), using the 
SP6/T7 system to transcribe a DNA segment in the presence of one or 
more radioactive NTP, and the like. 
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As used herein, "oligonucleotides" or "oligos" define a 
molecule having two or more nucleotides (ribo or deoxyribonucleotides). 
The size of the oligo will be dictated by the particular situation and 
ultimately on the particular use thereof and adapted accordingly by the 
5 person of ordinary skill. An oligonucleotide can be synthetised chemically 
or derived by cloning according to well known methods. 

As used herein, a "primer" defines an oligonucleotide 
which is capable of annealing to a target sequence, thereby creating a 
double stranded region which can serve as an initiation point for nucleic 

1 0 acid synthesis under suitable conditions. 

Amplification of a selected, or target, nucleic acid 
sequence may be carried out by a number of suitable methods. See 
generally Kwoh et al., 1990, Am. Biotechnol. Lab. 8:14-25. Numerous 
amplification techniques have been described and can be readily adapted 

15 to suit particular needs of a person of ordinary skill. Non-limiting examples 
of amplification techniques include polymerase chain reaction (PGR), 
ligase chain reaction (LCR), strand displacement amplification (SDA), 
transcription-based amplification, the Q$ replicase system and NASBA 
(Kwoh et al., 1989, Proc. Natl. Acad. Sci. USA 86, 1173-1177; Lizardi et 

20 al., 1988, BioTechnology 6:1197-1202; Maiek et al., 1994, Methods MoL 
Biol., 28:253-260; and Sambrook et al., 1989, supra). Preferably, 
amplification will be carried out using PGR. 

Polymerase chain reaction (PGR) is carried out in 
accordance with known techniques. See, e.g., U.S. Pat. Nos. 4,683,195; 

25 4,683,202; 4,800,159; and 4,965,188 (the disclosures of all three U.S. 
Patent are incorporated herein by reference). In general, PGR involves, a 
treatment of a nucleic acid sample (e.g., in the presence of a heat stable 
DNA polymerase) under hybridizing conditions, with one oligonucleotide 
primer for each strand of the specific sequence to be detected. An 
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extension product of each primer which is synthesized is complementary 
to each of the two nucleic acid strands, with the primers sufficiently 
complementary to each strand of the specific sequence to hybridize 
therewith. The extension product synthesized from each primer can also 
5 serve as a template for further synthesis of extension products using the 
same primers. Following a sufficient number of rounds of synthesis of 
extension products, the sample is analysed to assess whether the 
sequence or sequences to be detected are present. Detection of the 
amplified sequence may be carried out by visualization following EtBr 

10 staining of the DNA following gel electrophores, or using a detectable 
label in accordance with known techniques, and the like. For a review on 
PGR techniques (see PGR Protocols, A Guide to Methods and 
Amplifications, Michael et al. Eds, Acad. Press, 1990). 

Ligase chain reaction (LGR) is carried out in 

15 accordance with known techniques (Weiss, 1991, Science 254 :1292). 
Adaptation of the protocol to meet the desired needs can be carried out by 
a person of ordinary skill. Strand displacement amplification (SDA) is also 
carried out in accordance with known techniques or adaptations thereof to 
meet the particular needs (Walker et a!., 1992, Proc. Natl. Acad. Sci. USA 

20 89:392-396; and ibid., 1992, Nucleic Acids Res. 20:1691-1696). 

As used herein, the term "gene" is well known in the art 
and relates to a nucleic acid sequence defining a single protein or 
polypeptide. A "structural gene" defines a DNA sequence which is 
transcribed into RNA and translated into a protein having a specific amino 

25 acid sequence thereby giving rise to a specific polypeptide or protein. It 
will be readily recognized by the person of ordinary skill, that the nucleic 
acid sequence of the present invention can be incorporated into anyone of 
numerous established kit formats which are well known in the art. 


15 


A "heterologous" (i.e. a heterologous gene) region of a 
DNA molecule is a subsegment of DNA within a larger segment that is not 
found in association therewith in nature. The term "heterologous" can be 
similarly used to define two polypeptidic segments not joined together in 
5 nature. Non-limiting examples of heterologous genes include reporter 
genes such as luciferase, chloramphenicol acetyl transferase, p- 
galactosidase, and the like which can be juxtaposed or joined to 
heterologous control regions or to heterologous polypeptides. 

The term "vector" is commonly known in the art and 
10 defines a plasmid DNA, phage DNA, viral DNA and the like, which can 
serve as a DNA vehicle into which DNA of the present invention can be 
cloned. Numerous types of vectors exist and are well known in the art. 

The term "expression" defines the process by which a 
gene is transcribed into mRNA (transcription), the mRNA is then being 
1 5 translated (translation) into one polypeptide (or protein) or more. 

The terminology "expression vector" defines a vector or 
vehicle as described above but designed to enable the expression of an 
inserted sequence following transformation into a host. The cloned gene 
(inserted sequence) is usually placed under the control of control element 
20 sequences such as promoter sequences. The placing of a cloned gene 
under such control sequences is often refered to as being operably linked 
to control elements or sequences. 

Operably linked sequences may also include two 
segments that are transcribed onto the same RNA transcript. Thus, two 
25 sequences, such as a promoter and a "reporter sequence" are operably 
linked if transcription commencing in the promoter will produce an RNA 
transcript of the reporter sequence. In order to be "operably linked" it is 
not necessary that two sequences be immediately adjacent to one 
another. 
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Expression control sequences will vary depending on 
whether the vector is designed to express the operably linked gene in a 
prokaryotic or eukaryotic host or both (shuttle vectors) and can 
additionally contain transcriptional elements such as enhancer elements, 
5 termination sequences, tissue-specificity elements, and/or translational 
initiation and termination sites. 

Prokaryotic expressions are useful for the preparation 
of large quantities of the protein encoded by the DNA sequence of 
interest. This protein can be purified according to standard protocols that 

1 0 take advantage of the intrinsic properties thereof, such as size and charge 
(i.e. SDS gel electrophoresis, gel filtration, centrifugation, ion exchange 
chromatography...). In addition, the protein of interest can be purified via 
affinity chromatography using polyclonal or monoclonal antibodies. The 
purified protein can be used for therapeutic applications. 

15 The DNA construct can be a vector comprising a 

promoter that is operably linked to an oligonucleotide sequence of the 
present invention, which is in turn, operably linked to a heterologous gene, 
such as the gene for the luciferase reporter molecule. "Promoter" refers 
to a DNA regulatory region capable of binding directly or indirectly to RNA 

20 polymerase in a cell and initiating transcription of a downstream (3' 
direction) coding sequence. For purposes of the present invention, the 
promoter is bound at its 3' terminus by the transcription initiation site and 
extends upstream (5' direction) to include the minimum number of bases 
or elements necessary to initiate transcription at levels detectable above 

25 background. Within the promoter will be found a transcription initiation 
site (conveniently defined by mapping with S1 nuclease), as well as 
protein binding domains (consensus sequences) responsible for the 
binding of RNA polymerase. Eukaryotic promoters will often, but not 
always, contain "TATA" boses and "CCAT" boxes. Prokaryotic promoters 
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contain Shine-Dalgarno sequences in addition to the -10 and -35 
consensus sequences. 

In accordance with one embodiment of the present 
invention, an expression vector can be constructed to assess the 
5 functionality of specific alleles of the SCN1 A, SCN2A and SCN3A sodium 
channels. Non-limiting examples of such expression vectors include a 
vector comprising the nucleic acid sequence encoding one of the sodium 
channels (or part thereof) according to the present invention. These 
vectors can be transfected in cells. The sequences of the alpha subunit of 

10 the sodium channels in accordance with the present invention and their 
structure-function relationship could be assessed by a number of methods 
known to the skilled artisan. One non-limiting example includes the use of 
cells expressing the p-1 and (3-2 subunits and the sequence of an alpha 
subunit in accordance with the present invention. For example, an alpha 

15 subunit having a mutation, which is linked to epilepsy, could be compared 
to a sequence devoid of that mutation, as a control. In such cells, the 
functionality of the sodium channel could be tested as known to the skilled 
artisan and these cells could be used to screen for agents which could 
modulate the activity of the sodium channel. For example, agents could 

20 be tested and selected, which would reduce the hyperexcitability state of 
the sodium channel (e.g. their reduction in fast inactivation). Agents 
known to the person of ordinary skill as affecting other sodium channels 
could be tested, for example, separately or In batches. Of course, it will be 
understood that the SCN1A, SCN2A and/or SCN3A genes expressed by 

25 these cells can be modified at will (e.g. by in vitro mutagenesis or the like). 

As used herein, the designation "functional derivative" 
denotes, in the context of a functional derivative of a sequence whether a 
nucleic acid or amino acid sequence, a molecule that retains a biological 
activity (either function or structural; e.g. sodium channel function or 
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structure) that is substantially similar to that of the original sequence. This 
functional derivative or equivalent may be a natural derivative or may be 
prepared synthetically. Such derivatives include amino acid sequences 
having substitutions, deletions, or additions of one or more amino acids, 
5 provided that the biological activity of the protein is conserved. The same 
applies to derivatives of nucleic acid sequences which can have 
substitutions, deletions, or additions of one or more nucleotides, provided 
that the biological activity of the sequence is generally maintained. When 
relating to a protein sequence, the substituting amino acid generally has 

10 chemico-physical properties which are similar to that of the substituted 
amino acid. The similar chemico-physical properties include, similarities in 
charge, bulkiness, hydrophobicity, hydrophylicity and the like. The term 
"functional derivatives" is intended to include "fragments", "segments", 
"variants", "analogs" or "chemical derivatives" of the subject matter of the 

1 5 present invention. The genetic code, the chemico-physical characteristics 
of amino acids and teachings relating to conservative vs. non- 
conservative mutations are well-known in the art. Non-limiting examples 
of textbooks teaching such information are Stryer, Biochemistry, 3rd ed.; 
and Lehninger, Biochemistry, 3rd ed. The functional derivatives of the 

20 present invention can be synthesized chemically or produced through 
recombinant DNA technology, all these methods are well known in the art. 

The term "variant" refers herein to a protein or nucleic 
acid molecule which is substantially similar in structure and biological 
activity to the protein or nucleic acid of the present invention. 

25 As used herein, "chemical derivatives" is meant to 

cover additional chemical moieties not normally part of the subject matter 
of the invention. Such moieties could affect the physico-chemical 
characteristic of the derivative (i.e. solubility, absorption, half life, 
decrease of toxicity and the like). Such moieties are examplified in 
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Remington's Pharmaceutical Sciences (1980). Methods of coupling these 
chemical-physical moieties to a polypeptide or nucleic acid sequence are 
well known in the art. 

The term "allele" defines an alternative form of a gene 
5 which occupies a given locus on a chromosome. 

As commonly known, a "mutation" is a detectable 
change in the genetic material which can be transmitted to a daughter 
cell. As well known, a mutation can be, for example, a detectable change 
in one or more deoxyribonucleotide. For example, nucleotides can be 
10 added, deleted, substituted for, inverted, or transposed to a new position. 
Spontaneous mutations and experimentally induced mutations exist. The 
result of a mutations of nucleic acid molecule is a mutant nucleic acid 
molecule. A mutant polypeptide can be encoded from this mutant nucleic 
acid molecule. 

15 As used herein, the term "purified" refers to a molecule 

having been separated from a cellular component. Thus, for example, a 
"purified protein" has been purified to a level not found in nature. A 
"substantially pure" molecule is a molecule that is lacking in all other 
cellular components. 

20 As used herein, "SCNA biological activity" refers to any 

detectable biological activity of SCN1A, SCN2A or SCN3A gene or protein 
(herein sometimes collectively called SCNA genes or SCNA proteins). 
This includes any physiological function attributable to an SCNA gene or 
protein. It can include the specific biological activity of SCNA proteins 

25 which is efflux of sodium or related ions. This includes measurement of 
channel properties such as, but not limited to: 1) the voltage-dependence 
of activation, a measure of the strength of membrane depolarization 
necessary to open the channels, 2) the voltage-dependence of steady 
state inactivation, a measure of the fraction of channels available to open 
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at the resting membrane potential; and 3) the time course of inactivation. 
At a larger scale, SCNA biological activity includes transmission of 
impulses through cells, wherein changes in transmission characteristics 
caused by modulators of SCNA proteins can be identified. Non-limiting 
5 examples of such measurements of these biological activities may be 
made directly or indirectly, such as through the transient accumulation of 
ions in a cell, dynamics of membrane depolarization, etc. SCNA biological 
activity is not limited, however, to these most important biological activities 
herein identified. Biological activities may also include simple binding or 

10 pKa analysis of SCNA with compounds, substrates, interacting proteins, 
and the like. For example, by measuring the effect of a test compound on 
its ability to increase or inhibit such SCNA binding or interaction is 
measuring a biological activity of SCNA according to this invention. SCNA 
biological activity includes any standard biochemical measurement of 

15 SCNA such as conformational changes, phosphorylation status or any 
other feature of the protein that can be measured with techniques known 
in the art. Finally, SCNA biological activity also includes activities related 
to SCNA gene transcription or translation, or any biological activities of 
such transcripts or translation products. 

20 As used herein, the terms "molecule", "compound", 

"agent" or "ligand" are used interchangeably and broadly to refer to 
natural, synthetic or semi-synthetic molecules or compounds. The term 
"molecule" therefore denotes for example chemicals, macromolecules, 
cell or tissue extracts (from plants or animals) and the like. Non limiting 

25 examples of molecules include nucleic acid molecules, peptides, ligands 
(including, for example, antibodies and carbohydrates) and 
pharmaceutical agents. The agents can be selected and screened by a 
variety of means including random screening, rational selection and by 
rational design using for example protein or ligand modelling methods 
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such as computer modelling. The terms "rationally selected" or "rationally 
designed" are meant to define compounds which have been chosen 
based on the configuration of the interacting domains of the present 
invention. As will be understood by the person of ordinary skill, 
5 macromolecules having non-naturally occurring modifications are also 
within the scope of the term "molecule". For example, peptidomimetics, 
well known in the pharmaceutical industry and generally referred to as 
peptide analogs can be generated by modelling as mentioned above. 
Similarly, in a preferred embodiment, the polypeptides of the present 

10 invention are modified to enhance their stability. It should be understood 
that in most cases this modification should not alter the biological activity 
of the protein. The molecules identified in accordance with the teachings 
of the present invention have a therapeutic value in diseases or conditions 
in which sodium transport through the sodium channels is compromised 

15 by a mutation (or combination thereof) in one of the genes identified in 
accordance with the present invention. Alternatively, the molecules 
identified in accordance with the teachings of the present invention find 
utility in the development of compounds which can modulate the activity of 
the alpha subunit sodium channels and/or the action potential in nerve 

20 cells and muscles cells (e.g. restore the fast inactivation of the sodium 
channel to normal levels). 

As used herein, agonists and antagonists also include 
potentiators of known compounds with such agonist or antagonist 
properties. In one embodiment, modulators of the fast inactivation of the 

25 sodium channel in accordance with the present invention can be identified 
and selected by contacting the indicator cell with a compound or mixture 
or library of molecules for a fixed period of time. 

As used herein the recitation "indicator cells" refers to 
cells that express at least one sodium channel a subunit (SCNA) 
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according to the present invention. As alluded to above, such indicator 
cells can be used in the screening assays of the present invention. In 
certain embodiments, the indicator cells have been engineered so as to 
express a chosen derivative, fragment, homolog, or mutant of the 
5 combination of genotypes of the present invention. The cells can be yeast 
cells or higher eukaryotic cells such as mammalian cells. In one particular 
embodiment, the indicator cell would be a yeast cell harboring vectors 
enabling the use of the two hybrid system technology, as well known in 
the art (Ausubel et al., 1994, supra) and can be used to test a compound 

10 or a library thereof. In another embodiment, the cis-trans assay as 
described in USP 4,981,784, can be adapted and used in accordance 
with the present invention. Such an indicator cell could be used to rapidly 
screen at high-throughput a vast array of test molecules. In a particular 
embodiment, the reporter gene is luciferase or p-Gal. 

15 It shall be understood that the "/>? vivo" experimental 

model can also be used to carry out an "in vitro" assay. For example, 
cellular extracts from the indicator cells can be prepared and used in an 
'7/7 wfro"test. A non-limiting example thereof include binding assays. 

In some embodiments, it might be beneficial to express 

20 a fusion protein. The design of constructs therefor and the expression 
and production effusion proteins and are well known in the art (Sambrook 
et ai., 1989, supra\ and Ausubel et al., 1994, supra). 

Non-limiting examples of such fusion proteins include 
hemaglutinin fusions and Gluthione-S-transferase (GST) fusions and 

25 Maltose binding protein (MBP) fusions. In certain embodiments, it might 
be beneficial to introduce a protease cleavage site between the two 
polypeptide sequences which have been fused. Such protease cleavage 
sites between two heterologously fused polypeptides are well known in 
the art. 
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In certain embodiments, it might also be beneficial to 
fuse the protein of the present invention to signal peptide sequences 
enabling a secretion of the fusion protein from the host cell. Signal 
peptides from diverse organisms are well known in the art. Bacterial 
5 OmpA and yeast Suc2 are two non-limiting examples of proteins 
containing signal sequences. In certain embodiments, it might also be 
beneficial to introduce a linker (commonly known) between the interaction 
domain and the heterologous polypeptide portion. Such fusion protein 
find utility in the assays of the present invention as well as for purification 

10 purposes, detection purposes and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto mutants, 
homologs, subtypes, alleles and the like. It shall be understood that 
generally, the sequences of the present invention should encode a 

15 functional (albeit defective) alpha subunit of sodium channels (SCNA). It 
will be clear to the person of ordinary skill that whether the SCNA 
sequence of the present invention, variant, derivative, or fragment thereof 
retains its function, can be determined by using the teachings and assays 
of the present invention and the general teachings of the art. 

20 It should be understood that the SCNA protein of the 

present invention can be modified, for example by in vitro mutagenesis, to 
dissect the structure-function relationship thereof and permit a better 
design and identification of modulating compounds. However, some 
derivative or analogs having lost their biological function may still find 

25 utility, for example for raising antibodies. These antibodies could be used 
for detection or purification purposes. In addition, these antibodies could 
also act as competitive or non-competitive inhibitor and be found to be 
modulators of the activity of the SCNA proteins of the present invention. 
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A host cell or indicator cell has been "transfected" by 
exogenous or heterologous DNA (e.g. a DNA construct) when such DNA 
has been introduced inside the cell. The transfecting DNA may or may 
not be integrated (covalently linked) into chromosomal DNA making up 
5 the genome of the cell. In prokaryotes, yeast, and mammalian cells for 
example, the transfecting DNA may be maintained on a episomal element 
such as a plasmid. With respect to eukaryotic cells, a stably transfected 
cell is one in which the transfecting DNA has become integrated into a 
chromosome so that it is inherited by daughter cells through chromosome 

10 replication. This stability is demonstrated by the ability of the eukaryotic 
cell to establish cell lines or clones comprised of a population of daughter 
cells containing the transfecting DNA. Transfection methods are well 
known in the art (Sambrook et al., 1989, supra] Ausubel et al, 1994 
supra). The use of a mammalian cell as indicator can provide the 

15 advantage of furnishing an intermediate factor, which permits for example 
the interaction of two polypeptides which are tested, that might not be 
present in lower eukaryotes or prokaryotes. It will be understood that 
extracts from mammalian cells for example could be used in certain 
embodiments, to compensate for the lack of certain factors. 

20 in general, techniques for preparing antibodies 

(including monoclonal antibodies and hybridomas) and for detecting 
antigens using antibodies are well known in the art (Campbell, 1984, In 
"Monoclonal Antibody Technology: Laboratory Techniques in 
Biochemistry and Molecular Biology", Elsevier Science Publisher, 

25 Amsterdam, The Netherlands) and in Harlow et ai., 1988 (in: Antibody-A 
Laboratory Manual, CSH Laboratories). The present invention also 
provides polyclonal, monoclonal antibodies, or humanized versions 
thereof, chimeric antibodies and the like which inhibit or neutralize their 
respective interaction domains and/or are specific thereto. 
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From the specification and appended claims, the term 
therapeutic agent should be taken in a broad sense so as to also include 
a combination of at least two such therapeutic agents. Further, the DNA 
segments or proteins according to the present invention could be 
5 introduced into individuals in a number of ways. For example, cells can 
be isolated from the afflicted individual, transformed with a DNA construct 
according to the invention and reintroduced to the afflicted individual in a 
number of ways. Alternatively, the DNA construct can be administered 
directly to the afflicted individual. The DNA construct can also be 

10 delivered through a vehicle such as a liposome, which can be designed to 
be targeted to a specific cell type, and engineered to be administered 
through different routes. 

For administration to humans, the prescribing medical 
professional will ultimately determine the appropriate form and dosage for 

15 a given patient, and this can be expected to vary according to the chosen 
therapeutic regimen (i.e. DNA construct, protein, cells), the response and 
condition of the patient as well as the severity of the disease. 

Composition within the scope of the present invention 
should contain the active agent (i.e. molecule, hormone) in an amount 

20 effective to achieve the desired therapeutic effect while avoiding adverse 
side effects. Typically, the nucleic acids in accordance with the present 
invention can be administered to mammals (i.e. humans) in doses ranging 
from 0.005 to 1 mg per kg of body weight per day of the mammal which is 
treated. Pharmaceutically acceptable preparations and salts of the active 

25 agent are within the scope of the present invention and are well known in 
the art (Remington's Pharmaceutical Science, 16th Ed., Mack Ed.). For 
the administration of polypeptides, antagonists, agonists and the like, the 
amount administered should be chosen so as to avoid adverse side 
effects. The dosage will be adapted by the clinician in accordance with 
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conventional factors such as the extent of the disease and different 
parameters from the patient. Typically, 0.001 to 50 mg/kg/day will be 
administered to the mammal. 

The present invention also relates to a kit for 
5 diagnosing and/or prognosing epilepsy, and/or predicting response to a 
medication comprising an assessment of a genotype at SCNA loci of the 
present invention (or loci in linkage disequilibrium therewith) using a 
nucleic acid fragment, a protein or a ligand, a restriction enzyme or the 
like, in accordance with the present invention. For example, a 

10 compartmentalized kit in accordance with the present invention includes 
any kit in which reagents are contained in separate containers. Such 
containers include small glass containers, plastic containers or strips of 
plastic or paper. Such containers allow the efficient transfer of reagents 
from one compartment to another compartment such that the samples 

15 and reagents are not cross-contaminated and the agents or solutions of 
each container can be added in a quantitative fashion from one 
compartment to another. Such containers will include in one particular 
embodiment a container which will accept the test sample (DNA protein 
or cells), a container which contains the primers used in the assay, 

20 containers which contain enzymes, containers which contain wash 
reagents, and containers which contain the reagents used to detect the 
extension products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus generally described the invention, 
25 reference will now be made to the accompanying drawings, showing by 
way of illustration a preferred embodiment thereof, and in which: 

Figure 1 shows the IGE candidate region on ch 2q23- 
q31. Order and distance between markers are according to Gyapay et aL, 
1994. 
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Figure 2 shows the PGR primers used for genomic 
PCR-SSCP of SCN1A; 

Figure 3 shows the sequence of the SCN1A mutations 
found in epilepsy patients; 
5 Figure 4 shows the PGR primers used for genomic 

PGR-SSCP of SGN2A; 

Figure 5 shows the mutation found in epilepsy patients 

in SGN2A; 

Figure 6 shows the PGR primers used for genomic 
1 0 PGR-SSCP of SGN3A; and 

Figure 7 shows the mutation found in epilepsy patients 

in SCN3A. 

Sequences are also shown in the Sequence Listing. 
For example, SEQ ID NO.:1 shows the nucleic acid sequence of the adult 

15 form of SGN1A; SEQ ID NO.:2 shows the nucleic acid sequence of the 
neonatal form of SGN1A; SEQ ID NO.;3 shows the protein sequence of 
the adult form of SGN1A; SEQ ID NO.:4 shows the protein sequence of 
the neonatal form of SGN1A; SEQ ID NOS.:5-32 show the genomic 
sequence of SGN1A; SEQ ID NO.:33 shows the cDNA sequence of the 

20 adult form of SCN2A; SEQ ID NO.:34 shows the cDNA sequence of the 
neonatal form of SGN2A; SEQ ID NO.:35 shows the protein sequence of 
the adult form of SGN2A; SEQ ID NO.:36 shows the protein sequence of 
the neonatal form of SGN2A; SEQ ID NOS.:37-64 show the genomic 
sequence of SGN2A; SEQ ID NO.:65 shows the cDNA sequence of the 

25 adult form of SCN3A; SEQ ID NO.:66 shows the cDNA sequence of the 
neonatal form of SGN3A; SEQ ID NO.:67 shows the protein sequence of 
the adult form of SCN3A; SEQ ID NO.:68 shows the protein sequence of 
the neonatal form of SCN3A; and SEQ ID NOS.:69-98 show the genomic 
sequence of SGN3A; 
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Ocher objects, advantages and features of ihe present 
iRventiGn m\ DecGma more apparent upon reading of the foHov^ing 
non-restrictive description of preferred embodiments with reference to the 
accompanying d^'awing which is exemplary and should not be interpreted 
5 as limiting the scope of the present invention, 

DESCRIPTION OF THE PREFERRED EMEOPiMENT 

Epilepsy iS one of the most common neuroiogicai 
condmons, affecting 1-2% of the general populs^ion Fsmiliaf aggregation 
studies have shown mn increased ri^K for epilepsy in relatives of probands 

10 v^tth different types of epilepsy, and espscialiy for me idiopathic 
generaiized epilepsies (iGEs). The epifapsy genes identified to date 
account for a vary small proponion of ail tna epilepsias, \n addition, they 
have been identified in rare syndromes where the pattern of inheritance 
was clearly Mendenan. This is not the c^se for the vgst majority of 

15 epimptlc patients, however, where the pattern of inheritance is not 
compatible with a simple Mendeilan model, in faa. most auinors consider 
epilepsy to d© me result of a combination of many different genetic and 
environmental factors, features of a complex trait. \A/hi!e the pattern of 
inhentance is not niendelian, sporsdic ^GE cases may pe caused by 

20 spacific mutations in the same genes. Based on this assumption, a Sarge 
cohori of IGE patients ^^as tested for mutation in the SCNA genes. 

In order to localize the gane causing epilepsy in h large 
family segregating an autosomal dominant form of (GE, 41 family 
members, including 21 affected individuals, were genotypad. A detailed 

25 clinical dascription of this family has been reported elsewhere (Scheffer 
and BerRovic 1997). The miajcriTy of paTients m this family present a 
benign epnepsy syndromie occurnng in chndhood and characterized Dy 
frequent generaitzed tonjc-cionic seizures not always associated with 
fever: a syndrome called febrile seizures plus (FS-^-), Hawevar, severas 
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patients presented other types of generalized seizures (GTCS) as well, 
such as myoclonic seizures and absences (Scheffer and Berkovic 1997). 
Mean age at onset was 2.2 years and offset was 1 1 .7 years. Neurological 
examination and intellect were normal in all individuals except one, who 
had moderate intellectual disability. EEG recordings were normal in most 
patients. However, in three individuals generalized epileptiform activity 
was found and four patients had mild or moderate diffuse background 
slowing. Table 1 shows the different types of seizures found in the 21 
patients included in this study. 
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Table 1 . Different types of generalized seizures found in the 21 
patients included in the linkage analysis. 


Type of seizures 


Febrile convulsions alone 

GTCSs^ + absence seizures 4 

GTCSs + myoclonic seizures 1 

GTCSs + atonic seizures 1 

Solitary afebril GTCS 1 

Secondary epilepsy + mental retardation 1 

Unwitnessed events 4 


f GTCS: generalized tonic clonic seizure 

5 

A genome wide search examining 190 markers 
identified linkage of IGE to chromosome (ch) 2 based on an initial positive 
lod score for marker D2S294 (Z=4.4, (=0). A total of 24 markers were 

10 tested on ch 2q in order to define the smallest IGE candidate region. 
Table 2 shows the two-point lod scores for 17 markers spanning the IGE 
candidate region. The highest lod score (Zmax=5.29; (=0) was obtained 
with marker D2S324. Critical recombination events mapped the IGE gene 
to a 29cM region flanked by markers D2S156 and D2S311, assigning the 

15 IGE locus to ch 2q23-q31 (Figure 1). Although the relationship of FS+ with 
other IGE phenotypes remains unclear, the observation that in this family, 
several affected individuals have different types of generalized seizures, 
suggests that seizure predisposition determined by the ch 2q-lGE gene 
could be modified by other genes and/or environmental factors, to 

20 produce different seizure types. 
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Table 2. Two-point lod-scores for 17 markers localized on oh 2q23-q31. 
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Haplotypes using 17 markers spanning the IGE 
candidate region were constructed (data not shown). The centromeric 
boundary was defined by a recombination event between the markers 
D2S156 and D2S354; whereas a recombination between the markers 
5 D2S152 and D2S311 set the telomeric boundary. These critical 
recombination events localized the IGE gene to a 29cl\/l region flanked by 
markers D2S156 and D2S311 (Figure 1). 

Over the last four decades, family studies provided two 
important pieces of evidence supporting the role of genetic factors in 

10 determining susceptibility to seizures: 1) familial aggregation studies have 
shown evidence for an increased risk for epilepsy in relatives of probands 
with different types of epilepsy. In two studies standardized morbidity 
ratios for unprovoked seizures in relatives of individuals with idiopathic 
childhood-onset epilepsy varied from 2.5 to 3.4 in siblings and 6.7 in 

15 offspring (Anneger et al. 1982; Ottman et al. 1989); and 2) the presence of 
higher concordance rates for epilepsy in monozygotic than in dizygotic 
twins. Different studies showed concordance rates varying from 54 to 11 
% in monozygotic twins and 10 to 5% in dizygotic pairs (Inouye 1960; 
Lennox, 1960; Harvald and Hauge 1965; Corey et al. 1991; Silanpaa et al 

20 1991). 

It is now generally accepted that seizure susceptibility 
probably reflects complex interactions of multiple factors affecting 
neuronal excitability and that most common genetic epilepsies display 
familial aggregation patterns that are not explained by segregation of a 
25 single autosomal gene (Andermann 1982; Ottman et al. 1995). This of 
course significantly makes more complex one's ability to isolate genes 
which predispose or induce epilepsy. However, some specific epileptic 
syndromes, which aggregate in families, may result from definable 
monogenic abnormalities. These families present a unique opportunity to 
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rapidly map genes that play a role in determining predisposition to 
seizures. 

To date, there are a total of six loci (Greenberg et al. 
1988; Leppert et al 1989; Lewis et al. 1993; Elmslie et al. 1997; Guipponi 
5 et al. 1997; Wallace et al. 1998), for which three genes have been 
identified in specific IGE syndromes (Bievert et al. 1998; Singh et al. 1998; 
Wallace et al. 1998). Interestingly, all three genes are ion channels, 
including a mutation found in the Na+-channel (1 in a Tasmania family 
with febrile seizures and generalized epilepsy (Wallace et al. 1998). While 

10 the candidate interval identified in our kindred remains large, a number of 
interesting genes map to the region. These include a cluster of Na+ 
channel genes and K+ channel genes (electronic data base search), as 
well as the GAD1 gene, which encodes for glutamate decarboxylase, an 
enzyme involved in the syntheses of y-aminobutyric acid (GABA) (Bu and 

15 Tobin 1994). GABA is one of the major neurotransmitters involved in 
synaptic inhibition in the central nervous system (Barnard et al. 1987). 
However, the large size of the candidate interval will require further 
refinement of the locus prior to the identification of the gene responsible 
for IGE in the kindred studied herein. 

20 Fifty-three % (9/17) of affected individuals in the large 

IGE family described herein, who had their seizures classified, had only 
febrile convulsions. However, 41 % of patients (7/17) presented with 
different types of generalized seizures. These findings may indicate that, 
although the predisposition to IGE in this family is determined by a single 

25 gene localized on ch2q23-q31, the different types of generalized seizures 
occurring in the same family may have resulted from interactions among 
genetic and/or environmental modifiers. 

In conclusion, a locus for IGE was mapped on ch 2q23- 
q31. This locus seems to be associated with a specific IGE syndrome, FS 
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+. However, the relationship of FS+ with other IGE phenotypes, and the 
role of the ch 2q locus in other FS+ families and in other forms of IGE are 
still undetermined. 

Having identified a locus for IGE on chromosome 
5 2q23-q31, it was next verified whether mutations and/or polymorphisms 
could be linked to epilepsy. Public data bases were screened to identify 
potential genes in that chromosome region. The blasts of the data bases 
were also oriented to identify more specifically, membrane channels since 
seizures in mice and human are known to be associated with membrane 

10 channels. Having identified membrane channel coding sequences or 
parts thereof by the computer searches, the candidate genes, potentially 
involved in epilepsy, had to be validated as susceptibility genes for the 
disease. Two approaches were used. The first one was to test the 
candidate genes for mutations in a family comprising members having the 

15 disease (data not shown). The second approach was as follows. Since it 
is known that epilepsy results from a lower seizure threshold, and that 
generalized epilepsy results, in many instances, from a generalized 
lowering of the seizure threshold, the following hypothesis was 
formulated. The gene which results in epilepsy in the large family (that 

20 enabled the focusing chromosome 2q23-q31) should have other, less 
severe, mutations that would cause epilepsy in people who have only a 
weak family history of epilepsy. The sodium channel genes were chosen 
because they are involved in key electrical functions and could thus be 
good candidates. To formally test the hypothesis, many (60 to 70) 

25 unrelated cases of epilepsy were tested for mutations in these candidate 
genes. Surprisingly, mutations were found in all three candidate genes. 

In order to assess whether mutations/polymorphisms 
could be identified and correlated to epilepsy, a panel of 70 to 80 epileptic 
patients (IGE) were tested for mutations in SCN1A, SCN2A and SCN3A, 
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using Single-strand conformation polymorphism (SSCP). SSCP analysis 
enables the detection of mutations as small as single-base substitutions. 
Indeed, such substitutions, by altering the conformations of single-strand 
DNA molecules, affect the electrophoretic mobilities thereof in non- 
5 denaturing gels. Thus, one can distinguish among sequences by 
comparing the mobilities of wild type (wt), mutant DNA, or different alleles 
of a given locus. The identification of single base substitutions of genes 
using SSCP is well known in the art, and numerous protocols are 
available therefor. A non-limiting example thereof includes fluorescence- 

10 based SSCP analysis, following PCR carried out using fluorescent-labeled 
primers specific for the DNA regions one wishes to amplify. 

Upon the identification of differences between normal 
and epileptic mobilities for one of the SCNA loci of the present invention, 
the amplified fragments were sequenced and the nucleic acid sequences 

15 between a normal patient and an epileptic patient (IGE) compared. This 
comparison enabled the identification of mutations in SCN1A, SCN2A, 
and SCN3A. To assess, whether this difference in sequence or mutation 
was significantly associated with the disease, SSCP analysis was 
performed once again using a large cohort of normal patients. This 

20 analysis enabled to show that the mutations identified by SSCP and 
confirmed by sequence analysis were not present in the large cohort of 
normal patients tested, thereby showing that the mutaions identified 
correlated with IGE, for the population tested. 

Taken together, these results show that SCN1A, 

25 SCN2A and SCN3A are validated genes associated with epilepsy and 
more specifically with IGE. 

This invention now establishes, for the first time, that 
SCN1A, SCN2A, and SCN3A, is directly responsible for idiopathic 
generalized epilepsy (IGE) in certain human populations. Further, this 
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discoveiy suggests that compounds which modulate the activity of 
SCN1A, SCN2A and SCN3A may have application far beyond the small 
groups of families with IGE, and may have applicability for treating many 
or all forms of epilepsy and related neurological disorders. It is therefore 
5 an object of this invention to provide screening assays using SCN1A, 
SCN2A and/or SCN3A which can identify compounds which have 
therapeutic benefit for epilepsy and related neurological disorders. This 
invention also claims those compounds, the use of these compounds in 
treating epilepsy and related neurological disorders, and any use of any 

10 compounds identified using such a screening assay in treating epilepsy 
and related neurological disorders. 

Generally, high throughput screens for one or more 
SCN1A, SCN2A or SCN3A (herein collectively called SCNA) sodium 
channels modulators i.e. candidate or test compounds or agents (e.g., 

15 peptides, peptidomimetics, small molecules or other drugs) may be based 
on assays which measure biological activity of SCNA. The invention 
therefore provides a method (also referred to herein as a "screening 
assay") for identifying modulators, which have a stimulatory or inhibitory 
effect on, for example, SCNA biological activity or expression, or which 

20 bind to or interact with SCNA proteins, or which have a stimulatory or 
inhibitory effect on, for example, the expression or activity of SCNA 
interacting proteins (targets) or substrates. 

Examples of methods available for cell-based assays 
and instrumentation for screening ion-channel targets are described in the 

25 review by Gonzalez et al. (Drug Discov. Today 4:431-439, 1999), and 
high-throughput screens for ion-channel drugs are described in review by 
Denyer et al. (Drug Discov. Today 3:323-332, 1998). Such assays include 
efflux of sodium or related ions that can be measured in a cell line 
(recombinant or non-recombinant) using fluorescence-based assays using 
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both sodium indicator dyes and voltage sensing dyes. Preferred assays 
employ ^"^C guanidine flux and/or sodium indicator dyes such as SBFI and 
voltage sensing dyes such as DiBAC. Oxonal dyes such as DiBAC4 are 
responsive to membrane depolarization. Hyper-polarization results in 
5 removal of the dye from the cell by passive diffusion, while depolarization 
results in concentration of the dye within the cell. 

In one embodiment, the invention provides assays for 
screening candidate or test compounds which interact with substrates of a 
SCNA protein or biologically active portion thereof. 
10 In another embodiment, the invention provides assays 

for screening candidate or test compounds which bind to or modulate the 
activity of a SCNA protein or polypeptide or biologically active portion 
thereof. 

In one embodiment, an assay is a cell-based assay in 
15 which a cell which expresses a SCNA protein or biologically active portion 
thereof, either natural or recombinant in origin, is contacted with a test 
compound and the ability of the test compound to modulate SCNA 
biological activity, e.g., modulation of sodium efflux activity, or binding to a 
sodium channel or a portion thereof, or any other measurable biological 
20 activity of SCNA is determined. Determining the ability of the test 
compound to modulate SCNA activity can be accomplished by monitoring, 
for example, the release of a neurotransmitter or other compound, from a 
cell which expresses SCNA such as a neuronal cell, e.g. a substantia 
nigra neuronal cell, or a cardiac cell upon exposure of the test compound 
25 to the cell. Furthermore, determining the ability of the test compound to 
modulate SCNA activity can be accomplished by monitoring, for example, 
the change in current or the change In release of a neurotransmitter from 
a cell which expresses SCNA upon exposure to a test compound. 
Currents in cells can be measured using the patch-clamp technique as 
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described in the Examples below using the techniques described in, for 
example, Hamill et aL 1981 Pfluegers Arch. 391:85-100. Alternatively, 
changes in current can be measured by dye based fluorescence assays 
described below. 

5 Determining the ability of the test compound to 

modulate binding of SCNA to a substrate can be accomplished, for 
example, by coupling the SCNA agent or substrate with a radioisotope or 
enzymatic label such that binding of the SCNA substrate to SCNA can be 
determined by detecting the labeled SCNA substrate in a complex. For 

10 example, compounds (e.g., SCNA agents or substrates) can be labeled 
with ■'^^l, ^^S, ""^C, or ^H, either directly or indirectly, and the radioisotope 
detected by direct counting radio-emission or by scintillation counting. 
Alternatively, compounds can be enzymatically labeled with, for example, 
horseradish peroxidase or alkaline phosphatase. In these assays, 

1 5 compounds which inhibit or increase substrate binding to SCNA are useful 
for the therapeutic objectives of the Invention. 

It is also within the scope of this invention to determine 
the ability of a compound (e.g. SCNA substrate) to interact with SCNA 
without the labeling of any of the interactants. For example, a 

20 microphysiometer can be used to detect the interaction of a compound 
with SCNA without the labeling of either the compound or the SCNA 
(McConnell H.M.et al. (1992), Science 257:1906-1912). As used herein, a 
"microphysiometer" (e.g., Cytosensor™) is an analytical instrument that 
measures the rate at which a cell acidifies its environment using a light- 

25 addressable potentiometric sensor (LAPS). Changes in this acidification 
rate can be used as an indicator of the interaction between a compound 
and SCNA. 

Modulators of SCNA can also be identified through the 
changes they induce in membrane potential. A suitable instrument for 
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measuring such changas is the VIPRJ^ (voltage lon probe reader) from 
Aurora Biosciences. This instrument worKs together with a serjes of 
vQliage-sensing ion probe assays. The probes sanse changes in 
transmembrane electrical poxantial tnrough a voitage-sensitive FREIT 
5 rnechanism for which the ratio donor fluorescenoe emission to acceptor 
fluorescence emission reveals the extent of ceil depoiarization for both 
sodium and potassium channels. Depoiansation results from transport of 
a quencher across The membrane and far enough away from a 
mambrane-bQundfluorescenca amittsr to reiiave the initial quenching and 
10 produce light at the emission wavelengtn of ths emitter. The system 
foHows fluorescence at two wavelsngths, both the intensities and ratios 
change dunng cell dapQiarization^ The reader parmils detection of sub- 
second, reaKime optical signals from living ceils in a microplate format. 
The system is arnsnabie to manual operation for assay development or 
1 5 automation via romm for high-throughput screening. 

in another embodiment, the sssay is a cell-based 
assay comprising a contacting of a call oontainmg a target molecule (e g. 
anothar mojecy^a, syDstrata or protein that interacts with or binds to 
SCNA) With a test com.pound and determining The ability of the test 
20 compound to indirectly modulate ^e.g. stimulate or inhibit) the bioSogicai 
activity of SCNA by binding or intaraoTing with the target rnoiecuSe. 
Determining the aDiliiy of the test compound to indirectly modulate the 
activity of SCNA can be accomplished, for e^campie, by datarmining the 
a&iiuy of the tast compound to bind to or interact with the target molecule 
25 and thereby to indirectly modulate SCNA . to modulate sodium efflux, or to 
modulate other bioiogicsi activities of SCNA. Datarmining the ability of the 
SCNA protein or a biologically acir^e fragment thereof, to b^nd to or 
interact with the target molecule can be accompiishad by one of the 
mietnods described above or Known in the art for determinmg direct 
30 binding. In a preferred embodiment, determining the ability of the test 
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cQmpound's sDility to sind to cr inieracx with the target molecule snd 
triereby to moaulate the SCNA protein can be acoompiished 
determining a secondary activity of the target molecule. For example, the 
activity of the target molecule can be determined by detecting induction of 
5 a ceiluiar second messenger of the target (e.g. intraceiiular Ca2'^, 
diacyiglyceroi. iP3. and the iiKe), deieciing cataiytic/an^ymatic activity of 
the target on an appropriate substrate, detaoting the induction of a 
reporter gene (compnsing a target -responsive regulatory element 
cperatively linked to a nucleic acid encoding a detectable marker, -such as 
10 fuciferase), or aexecting a larget-reguiated cellular response such as the 
reieass of a neurotransmitter. Alternatively, recombinant eeli lines may 
employ recombinant reporter proteins which respond, either directiy or 
Indirectly to sodium afflux or secondary messengers all as Known in the 
art 

15 m yat another embodiment, an assay of the present 

invsntion is a ceil-free assay in which a SCNA protein or bioiogicalliy 
3Gtrve portion ineraof, eitner naturally occurring or recombinant in origin, is 
contacted with a test compound and the ability of the test compound to 
bind to, or otherwise modulate the bioiogical activity of, the SCNA protein 

20 or biologically active portion thereof is determined. Preferred biologically 
active portions of the SCNA proteins to be used in assays of the present 
invention include fragments which participate in interactions with non- 
SCNA m.ojecules, (e.g. other chennets for sodium, potassium or Ca+ or 
fragments thereof, or fragments with high surface probability scores for 

25 protein-protein or protein-substrate interactions). Binding of the te^st 
compound to the SCNA protein can be determined either directly or 
indirectly m described above in a preferred embodiment, th^s assay 
includes contacting the SCNA protein or biologically active portion thereof 
with a known compound which binds SCNA to form an assay mixture, 

30 contacting the assay mixture with a test compound, and determining the 
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apiiity of im test compound to interact with a SCNA protein, wnerein 
determining the ability of the test compound to interact with a SCNA 
protein comprises daiermining the abiSfty of the test compound to 
preterentiaHy bind to SCNA or bioiogicaliy active portion Thereof as 
5 comparad to ihe Kno^^n compoiind. 

In another embodiment, the assay a cail-frae assay 
in which a SCNA protein or biolsgicaily active portion thereof is contacted 
with a test compound and the aDifity of the test compound to modulate 
(e.g., siimulat^ or \nn\mi} the activity of the SCNA protein or biologically 

10 active portion thereof is aatermined. Determining the aoiSity of the test 
cDmpQund to moaulate the activity of a SCNA protein can be 
accompiiShad. for example, by determining the sbijity of the SCNA protein 
to bind to a SCNA largat molecuie by one of the methods described 
above for determining direct binding. Determining the ability of the SCNA 

15 protein to bind to a SCNA target molecuie can also oe accomplished 
using a lachnoiogy such as real-time Biomoiecqiar interaction Analysis 
(BIA, SJo^ander, S. gnd UrbaniczKy, C. (1991) Anal. Cham. 63:2338-2345 
and Szabo et ai. (1335) Curr Opin, Struct, Biol. 5:699- 70S) As used 
herein, 'B\A'' refers lo a tachnciogy for studying biospecific interactions m 

20 real time, without labeling any of the inieractants (e.g. BlA core). 
Changes In the optica! phenomenon of surface plasmon resonance (SPiR) 
can be used as an indication of real-time reactions between bioiogicaf 
molecules 

In an alternative embodiment, determining the ability of 
25 the tesi compound to modulate the activity of a SCNA protein can be 
accomplished by determining the ability of the test compound to moduSate 
the activity of an upstream or downstream effector of a SCNA target 
moiecuie. For example, tne activity of the test compound on the effector 
moiecuie can oe determined or the binding of the effector to SCNA can be 
30 determined as previously described- 
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The cell-free assays of the present invention are 
amenable to use of both soluble and/or membrane-bound forms of 
isolated proteins. In the case of cell-free assays in which a membrane- 
bound form of an isolated protein is used (e.g. a sodium channel) it may 
5 be desirable to utilize a solubilizing agent such that the membrane-bound 
form of the isolated protein is maintained in solution. Examples of such 
solubilizing agents include non-ionic detergents such as n-octylglucoside, 
n-dodecylglucoside, n- dodecylmaltoside, octanoyl-N-methylglucamide, 
decanoyi- N -methylglucamide, Triton® X-lOO, Triton®X-114, ThesitcH), 

10 lsotridecypoly(ethylene glycol ether)n. 3-[(3- cholamidopropyl)dimethy- 
amino]-l-propane sulfonate (CHAPS), 3-[(3- 

cholamidopropyl)dimethylamino ]-2-hydroxy-l-propane sulfonate 
(CHAPSO), or N-dodecyl-N,N-dimethyl-3-ammnonio-l-propane sulfonate. 

In more than one embodiment of the above assay 

15 methods of the present invention, it may be desirable to immobilize either 
SCNA or its target molecule to facilitate separation of compiexed from 
uncomplexed forms of one or both of the proteins, as well as to 
accommodate automation of the assay. Binding of a. test compound to a 
SCNA protein or interaction of a SCNA protein with a target molecule in 

20 the presence and absence of a candidate compound, can be 
accomplished in any vessel suitable for containing the reactants. 
Examples of such vessels include microtitre plates, test tubes and micro- 
centrifuge tubes. In one embodiment a fusion protein can be provided 
which adds a domain that allows one or both of the proteins to be bound 

25 to a matrix. For example. glutathione-S-transferase/SCNA fusion proteins 
or glutathione-S-transferase/target fusion proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or 
glutathione derivatized microtitre plates, which are then combined with the 
test compound or the test compound and either the non-adsorbed target 
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protein or SCNA protein and the mixture incubated under conditions 
conducive to complex formation (e.g. at pliysiological conditions for salt 
and pH). Following incubation the beads or microtitre plate wells are 
washed to remove any unbound components, the matrix immobilized in 
5 the case of beads, complex determined either directly or indirectly, for 
example, as described above. Alternatively, the complexes can be 
dissociated from the matrix, and the level of SCNA binding or activity 
determined using standard techniques. 

Other techniques for immobilizing proteins on matrices 

10 (and well-known in the art) can also be used in the screening assays of 
the invention. For example, either a SCNA protein or a SCNA target 
molecule can be immobilized utilizing conjugation of biotin and 
streptavidin. Biotinylated SCNA protein or target molecules can be 
prepared from biotin-NHS (N-hydroxy-succinlmide) using techniques 

15 known in the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, IL), 
and immobilized in the wells of streptavidin-coated 96 well plates (Pierce 
Chemical). Alternatively, antibodies reactive with SCNA protein or target 
molecules but which do not interfere with binding of the SCNA protein to 
its target molecule can be derivatized to the wells of the plate, and 

20 unbound target or SCNA protein trapped in the wells by antibody 
conjugation. Methods for detecting such complexes, in addition to those 
described above for the GST -immobilized complexes, include 
immunodetection of complexes using antibodies reactive with the SCNA 
protein or target molecule, as well as enzyme-linked assays which rely on 

25 detecting an enzymatic activity associated with the SCNA protein or target 
molecule. 

In a preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to modulate vesicular traffic and protein transport 
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in a cell, e.g. a neuronal or cardiac cell using the assays described in for 
example Komada M. et al. (1999) Genes Dev. 1 3(1 1): 1475-85, and Roth 
M.G. et a1. (1999) Chem. Phys. Lipids. 98(12):141-52. 

In another preferred embodiment candidate, or test 
5 compounds or agents are tested for their ability to inhibit or stimulate or 
regulate the phosphorylation state of a SCNA channel protein or portion 
thereof, or an upstream or downstream target protein, using for example 
an in vitro kinase assay. Briefly, a SCNA target molecule (e.g. an 
immunoprecipitated sodium channel from a cell line expressing such a 

10 molecule), can be incubated with radioactive ATP , e.g., [gamma-32P] - 
ATP , in a buffer containing MgCI2 and MnCI2, e.g., 10 mM MgCi2 and 5 
mM MnCI2. Following the incubation, the immunoprecipitated SCNA 
target molecule (e.g. .the sodium channel), can be separated by SDS- 
polyacrylamide gel electrophoresis under reducing conditions, transferred 

15 to a membrane, e.g., a PVDF membrane, and autoradiographed. The 
appearance of detectable bands on the auto radiograph indicates that the 
SCNA substrate, e.g., the sodium channel, has been phosphorylated. 
Phosphoaminoacid analysis of the phosphorylated substrate can also be 
performed in order to determine which residues on the SCNA substrate 

20 are phosphorylated. Briefly, the radiophosphorylated protein band can be 
excised from the SDS gel and subjected to partial acid hydrolysis. The 
products can then be separated by one-dimensional electrophoresis and 
analyzed on, for example, a phosphoimager and compared to ninhydrin- 
stained phosphoaminoacid standards. Assays such as those described in, 

25 for example, Tamaskovic R. et al. (1999) Biol. Chem. 380(5):569-78. 

In another preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to associate with (e.g. bind) calcium, using for 
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example, the assays described in Liu L. ( 1999) Cell Signal. 11(5):317-24 
and Kawai T. et al. (1999) Oncogene 18(23):3471-80. 

In another preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
5 SCNA molecule's ability to modulate chromatin formation in a cell using 
for example the assays described in Okuwaki M. et al. (1998) J. Biol. 
Chem. 273(51 ):34511 -8 and Miyaji- Yamaguchi M. (1999) J. Mol. Biol. 
290(2): 547-557. 

In yet another preferred embodiment candidate or test 

10 compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to modulate cellular proliferation, using for 
example, the assays described in Baker F.L. et al. (1995) Cell Prolif. 
28(1):1-15, Cheviron N. et al. ( 1996) Cell Prolif. 29(8):437-46. Hu Z. W. et 
al. (1999) J: Pharmacol. Exp. Ther. 290(1):28-37 and Elliott K. et al. 

1 5 (1 999) Oncogene 1 8(24):3564-73. 

In a preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to regulate it's association with the cellular 
cytoskeleton. Using for example, the assays similar to those described in 

20 Gonzalez C. et al. (1998) Cell Mol. Biol. 44(7):1 1 17-27 and Chia CP. et 
al. (1998) Exp. Cell Res. 244(1):340-8. 

In another preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to modulate membrane excitability, using for 

25 example, the assays described in Bar-Sagi D. et al. (1985) J. Biol. Chem. 
260(8):4740-4 and Barker J. L. et al. (1984) Neurosci. Lett. 47(3):313-8. 

In another preferred embodiment, candidate or test 
compounds or agents are tested for their ability to inhibit or stimulate a 
SCNA molecule's ability to modulate cytokine signaling in a cell, (e.g., a 
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neuronal or cardiac cell), the assays described in Nakashima Y. et al. 
(1999)J: Bone Joint Surg. Am. 81 (5):603-15. 

In another embodiment, modulators of SCNA 
expression are identified in a method wherein a cell is contacted with a 
5 candidate compound and the expression of SCNA mRNA or protein in the 
cell is determined. The level of expression of SCNA mRNA or protein in 
the presence of the candidate compound is compared to the level of 
expression of SCNA mRNA or protein in the absence of the candidate 
compound. The candidate compound can then be identified as a 

10 modulator of SCNA expression based on this comparison. For example, 
when expression of SCNA mRNA or protein is greater (statistically 
significantly greater) in the presence of the candidate compound than in 
its absence, the candidate compound is identified as a stimulator of SCNA 
mRNA or protein expression. Alternatively, when expression of SCNA 

15 mRNA or protein is less (statistically significantly less) in the presence of 
the candidate compound than in its absence, the candidate compound is 
identified as an inhibitor of SCNA mRNA or protein expression. The level 
of SCNA mRNA or protein expression in the cells can be determined by 
methods described herein or other methods known in the art for detecting 

20 SCNA mRNA or protein. 

The assays described above may be used as initial or 
primary screens to detect promising lead compounds for further 
development. Often, lead compounds will be further assessed in 
additional, different screens. Therefore, this invention also includes 

25 secondary SCNA screens which may involve electrophysiological assays 
utilizing mammalian cell lines expressing the SCNA channels such as 
patch clamp technology or two electrode voltage clamp and FRET-based 
voltage sensor. Standard patch clamp assays express wild type and 
mutant channels in Xenopus oocytes, and examine their properties using 
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voltage-clamp electrophysiological recording. Wild type sodium channels 
are closed at hyperpolarized membrane potentials. In response to 
membrane depolarization the channels open within a few hundred 
microseconds, resulting in an inward sodium flux, which is terminated 
5 within a few milliseconds by channel inactivation. In whole cell recordings, 
rapid activation and inactivation of thousands of sodium channels 
distributed throughout the cell membrane results in a transient inward 
sodium current that rises rapidly to peak amplitude and then decays to 
baseline within a few milliseconds. 

1 0 Tertiary screens may involve the study of the identified 

modulators in rat and mouse models for epilepsy. Accordingly, it is within 
the scope of this invention to further use an agent identified as described 
herein in an appropriate animal model. For example, an test compound 
identified as described herein (e.g., a SCNA modulating agent, an 

15 antisense SCNA nucleic acid molecule, a SCNA-specific antibody, or a 
SCNA-binding partner) can be used in an animal model to determine the 
efficacy, toxicity, or side effects of treatment with such an agent. 
Alternatively, an agent identified as described herein can be used in an 
animal model to determine the mechanism of action of such an agent. 

20 Furthermore, this invention pertains to uses of novel agents identified by 
the above-described screening assays for treatment (e.g. treatments of 
different types of epilepsy or CNS disorders), as described herein. 

The test compounds of the present invention can be 
obtained using any of the numerous approaches in combinatorial library 

25 methods known in the art, including: biological libraries; spatially 
addressable parallel solid phase or solution phase libraries; synthetic 
library methods requiring deconvolution; the 'one-bead one-compound' 
library method; and synthetic library methods using affinity 
chromatography selection. The biological library approach is limited to 
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peptide libraries, while the other four approaches are applicable to 
peptide, non-peptide oligomer or small molecule libraries of compounds 
(Lam, Anticancer Drug Des. 12: 145, 1997). Examples of methods for the 
synthesis of molecular libraries can be found in the art, for example in: 
5 DeWitt et al. (1993) Proc. Natl. Acad. Sci. USA. 90:6909; Erb et al. (1994) 
Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. ( 1994), J. Med. 
Chem. 37:2678; Cho et al. (1993) Science 261 :1303; Carrel! et al. (1994) 
Angew. Chem, Int. Ed Engl. 33:2059; Carell et al. (1994) Angew. Chem. 
Jnl. Ed. Engl. 33:2061; and in Gallop et al. (1994). Med Chem. 37:1233. 
10 Libraries of compounds may be presented in solution (e.g.. Houghten 

(1992) Biotechniques 13:412-421 ). or on beads (Lam (199] ) Nature 
354:82-84), chips (Fodor (1993) Nature 364:555-556). bacteria (Ladner 
USP 5.223,409), spores (Ladner USP '409), plasmids (Cull et aL(1992) 
Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and Smith ( 

15 1990); Science 249:386-390). Examples of methods for the synthesis of 
molecular libraries can be found in the art, for example in: DeWitt et al. 

(1993) Proc. Natl. Acad. Sci. USA. 90:6909; Erb et al. (1994) Proc. Natl. 
Acad .Sci. USA 91: 11422; Zuckermann et al. (1994), .J: Med. Chem. 
37:2678; Cho et al. (1993), Science 261 :1303; Carrell et al. (1994) 

20 Angew. Chem Int. Ed. Engl. 33:2059, or luciferase, and the enzymatic 
label detected by determination of conversion of an appropriate substrate 
to product. 

In summary, based on the disclosure herein, those 
skilled in the art can develop SCNA screening assays which are useful for 
25 identifying compounds which are useful for treating epilepsy and other 
disorders which relate to potentiation of SCNA expressing cells. The 
assays of this invention may be developed for low-throughput, high- 
throughput, or ultra-high throughput screening formats. 
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The assays of this invention employ either natural or 
recombinant SCNA protein. Cell fraction or cell free screening assays for 
modulators of SCNA biological activity can use in situ, purified, or purified 
recombinant SCNA proteins. Cell based assays can employ cells which 
5 express SCNA protein naturally, or which contain recombinant SCNA 
gene constructs, which constructs may optionally include inducible 
promoter sequences. In all cases, the biological activity of SCNA can be 
directly or indirectly measured; thus modulators of SCNA biological 
activity can be identified. The modulators themselves may be further 

10 modified by standard combinatorial chemistry techniques to provide 
improved analogs of the originally identified compounds. 

Finally, portions or fragments of the SCNA cDNA 
sequences identified herein (and the corresponding complete gene 
sequences) can be used in numerous ways as polynucleotide reagents. 

15 For example, these sequences can be used to: (i) map their respective 
genes on a chromosome and thus, locate gene regions associated with 
genetic disease (mutations/polymorphisms) related to epilepsy or CNS 
disorders that involve SCNA directly or indirectly; (ii) identify an individual 
from a minute biological sample (tissue typing); and (iii) aid in forensic 

20 identification of a biological sample. 

The present invention is illustrated in further detail by 
the following non-limiting examples. 


EXAMPLE 1 

25 Molecular analysis 

Genomic DNA was extracted from blood samples 
(Sambrook et al. 1989) or lymphoblastoid cell lines (Anderson and 
Gusella 1984) from each individual. A panel of 210 dinucleotide (CA)n 
repeat polymorphic markers with high heterozygosity (75%) were chosen 
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from the 1993-94 Genethon map (Gyapay et al. 1994). Dinucleotide 
markers were spaced an average of 20 cM from each other throughout 
the 22 autosomes. 

Genotyping of microsatellite markers was 
5 accomplished by polymerase chain reaction (PGR). The reaction mixture 
was prepared in a total volume of ISfxl, using 80ng genomic DNA; 1.25|j,I 
lOx buffer with 1.5mM MgCI2; 0.65|il BSA (2.0mg/ml); 100ng of each 
oligonucleotide primer; 200mM dCTP, dGTP and dTTP; 25mM dATP; 
I.SmCi [35S] dATP; and O.Sunits Taq DNA polymerase (Perkin-Elmer). 

10 Reaction samples were transferred to 96 well plates and were subjected 
to: 35 cycles of denaturation for 30 seconds at 94°C, annealing for 30 
seconds at temperatures varying from 55°C to 57°C depending on the 
specificity of the oligonucleotide primers, and elongation for 30 seconds at 
72°C. PGR reaction products were electrophoresed on 6% denaturing 

1 5 polyacrylamide sequencing gels. 

EXAMPLE 2 
Genetic analysis 

Two-point linkage analysis was carried out using the 
20 MLINK program version 5.1 from the LINKAGE computer package 
(Lathrop et al. 1984). Precise values for Zmax were calculated with the 
ILINK program from the same computer package. Lod scores were 
generated based on an autosomal dominant mode of inheritance, 80% 
penetrance, disease gene frequency of 1 :500 and allele frequencies for all 
25 allele markers calculated from the pedigree using the computer program 
ILINK (Lathrop etal. 1984). 
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EXAMPLE 3 
Mutations in SCN1A in IGE patients 

Genomic DNA form IGE and normal patients was 
obtained by conventional metiiods. Primers used to amplify the genomic 
5 DNA are shown in Figure 2. Following PGR, SSCP analysis was 
performed and mutations in SCN1 A were identified as follows (Figure 3): 
(1) Glu1238Asp; normal: GCA TTT GAA GAT ATA; patient R10191 who 
has an idiopathic generalized epilepsy (IGE): GCA TTT GAC GAT ATA 
(found in 1 of 70 IGE patients). The mutation is thus a conservative aa 

10 change, in the extracellular domain between III-S1 and III-S2. 
Furthermore, this residue is located at the junction between the TM 
domain and the extracellular domain. It may thus influence gating activity. 
The aa change between adult and neonatal isoforms is at a similar juxta- 
TM domain position (between I-S3 and I-S4). 

1 5 (2) Ser1773Tyr; normal: ATC ATA TcC TTC CTG, patient R9049 (affected 
with IGE); ATC ATA TmC TTC CTG :(TCC>TAC). This mutation is in the 
middle of IV-S6 TM domain; found in 1/70 IGE patients, and 0/150 control 
subjects tested. This mutation is interesting from a biological point of view 
for a number of reasons. First, this region of SCN gene (IV-S6) has been 

20 found to play a critical role in fast inactivation of the SCN, by mutagenesis 
experiments in rat SCN (McPhee et al., 1998). This is highly relevant for 
pathophysiology of epilepsy, since this may increase neuronal 
hyperexcitability. Moreover, in patients with GEFs, a mutation has been 
found in the SCNB1 subunit, causing impairment of the fast inactivation of 

25 the SCN (Wallace et al, 1999). Finally, many of the antiepileptic drugs 
(e.g. phenytoin, carbamazepine) primarly act by reducing the repetivive 
firing of neuron, which also involves fast inactivation of the SCN. 
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EXAMPLE 4 
Mutations in SCN2A in IGE patients 

Genomic DNA form IGE and normal patients was 
obtained by conventional methods. Primers used to amplify the genomic 
5 DNA are shown in Figure 4. Following PGR, SSCP analysis was 
performed and mutations in SCN2A were identified as follows (Figure 5): 
(1) Lys908Arg: nonnal: TAG AAA GAA for patient numbers always 
preceded by R; R9782 (Patient with IGE): TAG AGA GAA. The mutation 
is thus a conservative aa change, located in an extracellular domain 

10 between TM domains IIS5 and IIS6; in 1/70 IGE patients; 0/96 normal 
controls. The mutation involves an important component of the SCN gene, 
since the S5 and S6 segments are thought to form the wall of the 
transmembrane pore which allows the sodium to enter the cell. This may 
have an influence on the gating control of the pore. 

15 (2) Leu768Val, in individuals R8197, R9062 and R9822 (all IGE patients) 
(found in 3/70 IGE patients and 0/65 control subjects). The mutations is in 
the IV-S6 component of the sodium channel, which is important in the 
inactivation of the channel (see above for more detail). 

EXAMPLE 5 

20 Mutations in SCN3A in IGE patients 

Genomic DNA from IGE and normal patients was 
obtained by conventional methods. Primers used to amplify the genomic 
DNA are shown in Figure 6. Following PGR, SSCP analysis was 
performed and mutations in SCN3A were identified as follows (Figure 7): 
25 (1) Asn43DEL: allele 1: GAA GAT AAT GAT GAT GAG ; allele 2: Cy\A 
GAT --- GAT GAT GAG ; in open reading frame deletes 1 aa: DNDDEN- 
>QDDDEN, in the cytoplasmic N-terminal segment; in IGE patients, the 
frequency of allele 1 = 131/146 (0.90); allele 2= 15/146 (0.10); for IGE 
patients: homozygotes (22): R3958, R9632; heterozygotes (12): R9049, 
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R9152, R9649, R9710, R9896, R10069, R10191, R10213, R9993, 
R10009, R10256 . Of note, 2 patients are homozygous for the rare allele 
and all patients have IGE. In controls: allele 1 = 145/154 (0.94); allele 2 = 
9/154 (0.06) and no 22 homozygotes were found. 
5 (2) normal: tggtgtaaggtag, R10670 (IGE patient): tggtataaggtag, in 
conserved intron between 5N & 5A exons, significance uncertain. 

(3) normal: ccccttatatctccaac, R10250 (IGE patient): ccccttatayctccaac; in 
conserved intron between 5N & 5A exons, significance uncertain. 

(4) Val1035lle: normal: AAA TAG GTA ATC GAT. R9269 (IGE patient): 
10 AAA TAG RTA ATC GAT ; (GTA>ATA = Val>lle). The mutation is thus a 

conservative aa change which destroys a SnaBI site (this could thus be 
used as a polymorphism identifiable by restriction enzyme digestion). In 
SCN1A, this Val is a lie, therefore probably not a causative mutation. In 
cytoplasmic domain bw II-S6 & Ill-Si TMs; found in 1/70 IGE alleles; and 
1 5 0/70 controls. 

EXAMPLE 6 
SCN1A is involved in idiopathic 
generalized epilepsy 

20 The assumption that SCN1A gene is involved in 

idiopathic generalised epilepsy in humans is based on many sets of 
evidence. First, a mutation has been found in a large Australian family 
with autosomal dominant epilepsy. The phenotype is idiopathic 
generalised epilepsy that is associated with febrile seizures (GEFS 

25 syndrome). The gene for this family has been previously mapped to the 
long arm of chromosome 2. The maximum lod score is 6.83 for marker 
D2S111. The candidate region is very large, spanning 21cM between 
markers D2S156 and D2S311. However, within this interval, there is a 
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cluster of sodium channel genes, including SCN1A which was 
hypothesized to be a candidate gene for the disease. 

Screening by SSCP of a small panel of three (3) 
affected patients form the family, and 3 normal controls was carried-out at 
5 first. All the exons of the SCN1A gene have been amplified by PGR, and a 
SSCP variant in exon 4 was found for ail of the affected individuals, and 
none of the controls. By sequencing an affected patient and a control, an 
A-T substitution at nucleotide 565 was found. This variation destroys a 
BamHI restriction site, this enzyme was thus used as a diagnostic test to 
10 screen all the affected patients from the family, as well as more control 
cases. All affected patients from the family have A565T substitution, and 
none of the unaffected patients in the same kindred. An A565T 
substitution was not found in more than 400 control chromosomes. 

The A565T substitution correspond to a non- 
15 conservative amino acid change (D188V). This amino acid is conserved 
in all sodium channels thus far identified, in all species. The only 
exception is SCN2A identified in rat by Numa et al, where the aspartic 
acid is replaced by asparagine. However, it is likely that this represents 
an error during replication of cDNA, since other investigators have cloned 
20 the same gene in rat and found that the aspartic acid is conserved at 
position 188. Moreover, the same group has shown that D188N has a 
functional effect on channel activation in oocytes (Escayg et al., Nature 
Genetics. 24(4):343-5, 2000). Of note, this A565T substitution has not 
been found in 150 epileptic patients and in 200 control patients. Thus, this 
25 substitution has yet to be identified after 700 chromosomes assessments. 

In view of proving that D188V in SCN1A, identified in 
the large Australian family studied, is a pathogenic mutation, the 
oligonucleotide mismatch mutagenesis technique was used to introduce 
the mutation in rat SCN1A clone. RNA was isolated from mutant and wild- 
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type clones, and injected into oocytes in view of recording sodium 
currents by the patch-clamp technique. The amplitude of the currents was 
dramatically reduced for the mutant. Also, a small shift in the inactivation 
curve was observed for the mutant, as compared to the wild-type. Taken 
5 together, these preliminary results confirm a functional effect of D188V 
mutation on SCN1 A gene, (more detail below). 

The results presented herein are corroborated by 
studies from other investigators. For example, several other groups have 
also found linkage to the same locus on chromosome 2 for families with 

10 GEFS or very similar syndromes. Mutations in SCN1A (Thr875Met 
mutation; Arg1648His) have been found to be the cause of the epileptic 
syndrome in at least two (2) of these families (Escayg et al., Nature 
Genetics. 24(4):343-5, 2000). Also, GEFS syndrome has been shown to 
be caused by mutation in SCN1B gene. It is demonstrated that the beta 

15 subunits interact with alpha subunits of voltage-gated sodium channels to 
alter kinetics of sodium currents in cells. These data suggest a common 
mechanism for generating abnormal neuronal discharges in the brain of 
patients with idiopathic generalised epilepsy. 

Finally, in the process of screening patients from the 

20 large kindred with GEFS described above, a large cohort of patients with 
idiopathic generalised epilepsy was also screened by SSCP. Two (2) 
SSCP variants, that were subsequently sequenced were thereby 
identified. The variation observed are shown in Table 3: 
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Table 3 


6xon 

uiNM vanaiion 



1Ax17 

Glu1238Asp; 
conservative AA 
change in 
extracellular 
domain between 
II1-S1 and III-S2 

3/254 

0/284 

1Ax24.2 

Ser1773Tyr; 
middle of IV-S6 
TM domain 

1/252 

0/334 


Previous functional studies have shown that amino acid substitution in the 
IV-S6 transmembrane domain of SCN2A significantly affects the rate of 
5 inactivation of the channel. It is thus likely that Ser1773Tyr will have an 
effect on the SCN1A gene function. Such functional studies are currently 
underway. 

EXAMPLE 7 

1 0 Further validation of the role of SCN1 A, SCN2A, SCN3A, and 

specific mutations thereof in IGE and epilepsy in general 

A number of methods could be used to further validate 
the role of SCN1A, SCN2A, SCN3A, and specific mutations thereof in 
IGE. For example, additional patients could be screened for mutations in 
15 SCN1A, SCN2A, or SCN3A. Furthermore, additional normal patients 
could be screened in order to validate that the mutations identified 
significantly correlate with disease, as opposed to reflecting a 
polymorphism which is not linked to IGE. Polymorphisms which are not 
directly linked to IGE, if in linkage disequilibrium with a functional mutation 
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linked to IGE, could still be useful in diagnosis and/or prognosis assays. 
In addition, functional studies can be carried. Numerous methods are 
amenable to the skilled artisan. One particularly preferred functional 
assay involves the use of Xenopus oocytes and recombinant constructs 
5 harboring normal or mutant sequence of SCN1A, SCN2A, or SCN3A. 
Xenopus oocytes have been used in functional assays to dissect the 
structure-function relationship of the cyclic AMP-modulated potassium 
channel using recombinant KCNQ2 and KCNQ3 (Schroeder et al., 1998). 
As well, it has been used to dissect the structure-function relationship of 
10 the beta subunit of the sodium channel (SCN1B gene; Wallace et al. 
1998). 

One such example of functional studies was 
investigated by assessing the effects of mutation D188V in the SCN1A 
gene on sodium channel function by introducing the mutation into a cDNA 

15 encoding the rat ortholog SCN1A gene. This rate gene shares > 95% 
identity with the human SCN1A gene. The expression of wild type and 
mutant channels in Xenopus oocytes, and the examination of their 
properties using voltage-clamp electrophysiological recording is amenable 
to this Xenopus system. Wild type sodium channels are closed at 

20 hyperpolarized membrane potentials. In response to membrane 
depolarization the channels open within a few hundred microseconds, 
resulting in an inward sodium flux, which is terminated within a f€jw 
milliseconds by channel inactivation. in whole cell recordings, rapid 
activation and inactivation of thousands of sodium channels distributed 

25 throughout the cell membrane results in a transient inward sodium current 
that rises rapidly to peak amplitude and then decays to baseline within a 
few milliseconds. Among the channel properties that are likely to be 
altered by mutations linked to epilepsy are: 1) the voltage-dependence of 
activation, a measure of the strength of membrane depolarization 
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necessary to open the channels; 2) tne yoitage-dependence of steady 
stata inactivatiGr^ a measura of the fraction of channels available to open 
at the resting membrane potentiai. and 3) the time course of inactivation. 
PreSlminary resuits indjcme that DISSV mutant channels are ^dentica! to 
5 Wild type channels with respect to the voitage-aependence of a<:rtivation 
and to inaoTivalion time course. However, steady state inactivation for the 
mumni channels is shifted to membrane pot^ntiais that are slightly more 
positive than ob$en/ed in wild type channels. This posixtve shift should 
increase the fraction of channels available to open at rest. This could 
1 0 increase neuronal excita&iijty and contri&ute to apileptogenesis. Thus, a 
functionai consequence of a naturaiiy occurring mutation in a sodium 
channel gene nm been t&ntatiyely identified. Thus, the functional 
consequence of the D188M mutant could at least in part expiain m roie in 
epilepsy. Such a functional consequence is expected to be obseri/ed with 
1 5 ether mutations identified above in SCNA1 , SCNA2 and SCNA3, 

ft is recognized by the inventors that certain therapeutic 
agents have been identified for cardiac, muscuiar. chronic pain, acute 
pain and other disorders, and analgesics and anesthetics that are 
jTioduiators of sodium channels. Use of these podium channel modulators 
20 for treating epiiepsy and related neurological disorders also fails within the 
scope of this invention. In one embodiment of this invention, sodium 
Qr\^fif)e\ blockers are modified to achieve improved transport across the 
blood brain barrier in order to have direct effect on neuronal SCNA 
proteins and genes Descriptions of such compounds are found at 
25 Hunter ^ JC et al Current Opinion in CPNS invest- Drugs, 1999 1(1);72-8l; 
Muir KW et at. 2Q00. Cerebrovaac, Disc 1 0(6) :43 1-436: Winterer, G. 
2Q00 PhsrmacopsyGhiatry 33(6):182-S; Clare et al 2000- Drug. Discov. 
Today 5(11). 506-520: Tayior CP et al. 2QQ0, Adv. Pharmacol 3S:47-98, 
and PuQsiey MK et al 1998 Eur. J, Pharmacol 342(1)93-104, 
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It is aiso recognized by the inventors that compounds 
which modulate (i.e. either upregulate or downreguiate) transcription md 
transiaifon of SCNA genes are useful for treating epilepsy or related 
neurological disorders. According lo this invention, test compounds which 
.5 moduSate the activity of promoter elements and reguiatory elerrtents of 
sodjurn channel genes are usefui for treating these disorders. 

Although the present invention has been described 
hereinatiove by way of preferred embodiments thereof, it can be modified, 
without departing from the spirit ana mture of the subject invention as 
10 defined In the appenaad claims, 
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WHAT IS CLAIMED IS: 

1. A method of determining an individual's 
predisposition to epilepsy and/or development of epilepsy, as well as 

5 predicting this individual's response to medication, said method 
comprising the step of determining the genotype of at least one gene 
selected from SCN1A, SCN2A and SCN3A of the individual, or of a DMA 
variant, equivalent, or mutation which shows a linkage disequilibrium 
therewith, thereby determining an individual's predisposition to epilepsy 
1 0 and/or development of epilepsy. 

2. The method of claim 1, wherein the step of 
determining the SCN1A, SCN2A or SCN3A genotype comprises 
restriction endonuclease digestion. 

3. The method of claim 1, wherein the step of 
15 determining the SCN1A, SCN2A or SCN3A genotype comprises 

hybridizing with allele specific oligonucleotides. 

4. The method of claim 1, which further comprises a 
step, prior to determining the SCN1A, SCN2A or SCN3A genotype, of 
amplifying a segment of the the SCN1A, SCN2A or SCN3A using 

20 polymerase chain reaction. 

5. The method of claim 1, wherein the step of 
determining the SCN1A, SCN2A or SCN3A genotype comprises a 
sequencing of SCN1 A, SCN2A or SCN3A , or parts thereof. 

6. The method of claim 1, wherein the SCN1A, 
25 SCN2A or SCN3A genotype is determined using a polymorphic variant 
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site in linkage disequilibrium with at least one allelic variant or mutant 
identified in accordance with the present invention. 

7. An assay for screening a test agent and selecting 
an agent which modulates inactivation of a sodium channel involved in 

5 epilepsy comprising: 

a) a recombinant SCN1A, SCN2A or SCN3A gene 
which encodes an alpha subunit of said sodium channel or functional 
fragment thereof; and 

b) assaying a function of said sodium channel; 

10 wherein an agent can be selected when an observable difference is 
observed between the inactivation of said sodium channel in the presence 
of said test agent, as compared to in an absence thereof, and wherein a 
malfunction of said sodium channel is associated with epilepsy. 

8. An assay for screening a test agent and selecting 
15 an agent which modulates the activity of a sodium channel involved in 

epilepsy comprising: 

a) a recombinant SCN1A, SCN2A or SCN3A gene 
which encodes an alpha subunit of said sodium channel or functional 
fragment thereof; and 
20 b) assaying the activity of said sodium channel; 

wherein an agent can be selected when an observable difference is 
observed between the activity of said sodium channel in the presence of 
said test agent, as compared to in an absence thereof, and wherein a 
malfunction of said sodium channel is associated with epilepsy. 

25 9. A method of using specific alleles of the SCN1A, 

SCN2A or SCN3A genes, or a variant, equivalent, or mutation thereof 
which shows linkage disequilibrium therewith, to set-up a screening assay 
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for agents destined to modulate sodium cinannel function for tine purpose 
of identifying agents Inaving an application in epilepsy tlierapy. 

10. A method for identifying, from a library of 
5 compounds, a compound with therapeutic effect on epilepsy or other 

neurological disorders comprising: 

a) providing a screening assay comprising a measurable 
biological activity of SCN1A, SCN2A or SCN3A protein or 
gene; 

10 b) contacting said screening assay with a test compound; and 

c) detecting if said test compound modulates the biological 
activity of SCN1 A, SCN2A or SCN3A protein or gene; 
wherein a test compound which modulates said biological activity is a 
compound with said therapeutic effect. 

15 

11. The method of claim 10, wherein the test 
compound with said therapeutic effect is further modified by combinatorial 
or medicinal chemistry to provide further analogs of said test compound 
also having said therapeutic effect. 

20 

12. A compound having therapeutic effect on epilepsy 
or other neurological disorders, identified by a method comprising, 

a) providing a screening assay comprising a measurable 
biological activity of SCN1A, SCN2A or SCN3A protein or 

25 gene; 

b) contacting said screening assay with a test compound; and 

c) detecting if said test compound modulates the biological 
activity of SCN1 A, SCN2A or SCN3A protein or gene; 
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wherein a test compound which modulates said biological activity is a 
compound with said therapeutic effect. 

13. The compound of claim 12, wherein the 
compound with said therapeutic effect is further modified by combinatorial 
or medicinal chemistry to provide analogs of said compound also having 
said therapeutic effect. 
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ABSTRACT QF THE DiSCLQSUflE 

The present invention relates to epilepsy. More 
particularly, the preseni invention relates to idiopathfc generglizg^d 
epilepsy {IGE) and to the identification of three genes mapping to 
5 chromosome 2, which show mutations m patients with eptlepsy. The 
invention further reiaies to nucleic acid sequencer, and protain sequences 
of these foci (SCNA) and to the use thereof to assess, diagnose, 
prognose or treat epilepsy, to predict m epileptic individuaPa response to 
meditation and to identilV agents which modulate the function of tine 
10 SCNA. The invention mso provides screening assays using SCNIA, 
SC^42A and/or SCN3A which can identify compounds which have 
therapeutic benefit for epuap^y and related n^uroiogicai disorders , 
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FIGURE 1 


II I' f "II niif ' INI 


lAxOO.l 

NaC-340 TGTGTTCTGCCCCAGTGAGACT 
NaC-341 CTTCCTGCTCTGCCCAAACTGAAT 
257 bp 53. 4C 

lAxOO.2 

NaC-342 GGCGATGTAATGTAAGGTGCTGTC 
NaC-343 GTGCCTTCAGTTGCAATTGTTCAG 
259bp 54.5C 

lAxOl.l 

NaC-268, TTAGGAATTTCATATGCAGAATAA, 
NaC-269 TGGGCCATTTTTCGTCGTC 
201 bp 50.9C 

lAxOl.2 

NaC-270 GAAAGACGCATTGCAGAAGAAAAGG, 
NaC-271 CTATTGGCATGTGTTGGTGCTACA 
277bp54.4C 

lAx02 

NaC-45 GTGCTGGTTTCTCATTTAACTTTAC, 
NaC-46 TTCCCAACTTAATTTGATATTTAGC, 
319bp49.9C 

lAx03 

NaC-87, GCAGTTTGGGCTTTTCAATGTTAG, 
NaC-88, GACACAGTTTCARAATCCCRAATG, 
234 bp 48.9C 

lAx04 

NaC-63,TTAGGGCTACGTTTCATTTGTATG, 
NaC-64, AGCACTGATGGAAAACCAAACTAT, 
338bp50.8C 

lAx05 

NaC-164 AGCCCATGCAGTAATATAAATCCT 
NaC- 1 65 TCCAGGCTG ATAAGCTATGTCTA A, 
488 bp 52.8C 


FIGURE 2 


lAx06 

NaC-276, CTGTGGCCTGCCTGAGCGTATT, 
NaC-277 CCAATTCTACTTTTTAAGGAAATG, 
248bp 50.3C 

lAx07 

NaC-272, AAATACTTGTGCCTTTGAA, 
NaC-273, GTACATACAATATACACAGATGC 
240 bp 46.7C 

lAx08 

Nac-89, AGGCAGCAGAACGACTTGTAATA, 
NaC-90, ATCCGGTTTTAATTTCATAACTCA, 
267bp51.9C 

lAx09.2 

NaC-21 7 GTTGAGCACCCTTAGTGAATAATA, 
NaC-218 TCACACGCTCTAGACTACTTCTCT 
337bp 52.7C 

1 AxIOa NaC-29, TGCAAATACTTCAGCCCTTTCAAA, 
NaC-30, TTCCCCACCAGACTGCTCTTTC, 
239bp, 55. IC 

lAxlOa 

NaC-31, GCAGCAGGCAGGCTCTCA, 
NaC-32, TCTCCCATGTTTTAATTTTCAACC, 
293bp, 54.5C 

lAxlOb 

NaC-67, ATAATCTTGCAAAATGAAATCACA, 
NaC-68, ATCCGGGATGACCTACTGG 
307 bp 53.7C 

lAxlOb 

NaC-65, GATAACGAGAGCCGTAGAGATTCC, 
NaC-66, AGCCAGCCATGCCTGAACTA 
282bp 56.4C 


FIGURE 2 (cont'd) 


lAxlOc 

NaC-39, TGTTTGCTTGTCATATTGCTCAA, 
NaC-40, TGCACTATTCCCAACTCACAAA, 
286bp, 50.7C 

lAxll.l 

NaC-69 AAGGGTGTCTCTGTAACAAAAATG, 
NaC-70, GTGATGGCCAGGTCAACAAA 
269bp 50.8C 


lAxll.2 

NaC-71 CTGGGACTGTTCTCCATATTGGTT, 
NaC-72, TTTGCAGGGGCCAGGAAG 
294 bp 53.3 °C 

lAxl2 

NaC-41 CATTGTGGGAAAATAGCATAAGC, 
NaC-42, GCAAGAACCCTGAATGTTAGAAA, 
334bp, 51.2C 

lAxl3.1 

NaC-92 TAATGCTTTTAAGAATCATACAAA, 
NaC-93, CCAGCGTGGGAGTTGACAATC, 
256bp, 51.1C 

lAxl3.2 

NaC-75 CGGCATGCAGCTCTTTGGTA, 
NaC-91, ATGTGCCATGCTGGTGTATTTC, 
277 bp 55.6C 

lAxH.l 

NaC-79 CACCCATCTTCTAATCACTATGC, 
NaC-80, CAGCAATTTGGAGATTATTCATT, 
254 bp 50.4C 

]Axl4.2 

NaC-81 GCAGCCACTGATGATGATAA, 
NaC-82, CTGCCAGTTCCTATACCACTT, 
269 bp 49.4C 
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lAxl4.3 

NaC-83 TACAGCAGAAATTGGGAAAGAT, 
NaC-84,GTATTCATACCTACCCACACCTAT, 
269 bp 50.2C 

lAxl5 

NaC-202 TTCTTGGCAGGCAACTTATTACC, 
NaC-203 TAAGCTGCACTCCAAATGAAAGAT 
233bp53.1C 

lAxl6.1 

NaC-187, GGCTGAATGTTTCCACAACT, 
NaC-168 GTTCAACTATTCGGAAACACG 
277bp,51.4C 

lAxl6.2 

NaC-188, AGGCAGAGGAAAACAATGG, 
NaC-1 89, ACAAGGTGGGATAATTAAAAATG 
234 bp, 50.3C 

lAxl? 

NaC-143, GTTTCTCTGCCCTCCTATTCC, 
NaC-144, AAGCTACCTTGAACAGAGACA, 
330 bp, 48.8C 

lAxl8 

NaC-139, AATGATGATTCTGTTTATTA, 
NaC-140, AATTTGCCATTCCTTTTG, 
272 bp, 46. IC 

]Axl9.1 

NaC-219 TTGACATCGAAGACGTGAATAATC, 
NaC-220 CCATCTGGGCTCATAAACTTGTA 
285bp 49.3C 

lAx20 

NaC-338 CCCTTTGAAAATTATATCAGTAA, 
NaC-339 ATTTGGTCGTTTATGCTTTATTC 
230 bp 47.6C 
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lAx21 

NaC-252, TCCAGCACTAAAATGTATGGTAAT, 
NaC-253, ATTTGGCAGAGAAAACACTCC 
261 bp 49.8C 

lAx22 

NaC-254, TTTTAGCCATCCATTTTCTATTTT, 
NaC-255, TATTTTCCCCCATATCATTTGA 
223 bp 49. IC 

lAx23.1 

NaC-256 TTTGCAAGAAACTAGAAAGTC, 
NaC-257 TTGATGCGTGACAAAATGG 
250bp 48.3C 

lAx23.2 

NaC-258GACCAGAGTGAATATGTGACTACC, 
NaC-259 CTGGGATGATCTTGAATCTAATC 
246bp 49.5C 

lAx24.1 

NaC-221 GCAACTCAGTTCATGGAATTTGAA, 
NaC-222 CTTGTTTTCGTTTTAAAGTAGTA 
289bp56.1C 

lAx24.2 

NaC-213 CAAAGATCACCCTGGAAGCTCAGTT, 
NaC-223 TTCAAGCGCAGCTGCAAACTGAGAT 
277bp 55. 8C 

lAx24.3 

NaC-260 ACATCGGCCTCCTACTCTTCCTA, 
NaC-261 ACAGATGGGTTCCCACAGTCC 
268 bp 55.3C 

lAx24.4 

NaC-262 TAACGCATGATTTCTTCACTGGTT, 
NaC-263 ATCCCAAAGATGGCGTAGATGA 
262 bp 54.9C 
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lAx24.5 

NaC-308, TGAGAAATAGGCTAAGGACCTCTA, 
NaC-309 CCTAGGGGCTGGATTCC 
244 bp 53.2C 

lAx24.6 

NaC-310, AAGGGGTGCAAACCTGTGATTTT, 
NaC-311 AGGGCCATGTGGTTGCCATAC 
252 bp 53. 4C 

lAx24.7 

NaC-312 CTTCCGGTTTATGTTTTCATTTCT, 
NaC-313 TCTTTATTAGTTTTGCACATTTTA 
278bp 48.4C 

lAx24.8 

NaC-364 CAATCCTTCCAAGGTCTCCTATC, 
NaC-365 TTTCATCTTTGCCTTCTTGCTCAT 
326bp 52.4C 

lAx24.9 

NaC-366 CATGTCCACTGCAGCTTGTCCA, 
NaC-367 TCCCCTTTACACAGAGTCACAGTT 
292bp53.1C 


FIGURE 2 (cont'd) 


a. Glul238Asp: 
normal: 

patient Rl 0191 withlGE: 


GCA TTT GAA GAT ATA; 
GCA TTT GAC GAT ATA. 


b. Serl773Tyr: 
normal: 

patient R9049 with IGE: 


ATC ATA TcC TTC CTG; 

ATC ATA TmC TTC CTG; TCOTAC 


a 

m 

m 
m 

I;- 

• I FIGURE 3 


2Ax00.1 NaC-235 ATGGGTTGAATGACTTTCTGACAT, NaC-236 

AGGCATTTCCTGTACAGGGACTAC 

266bp52.7C 

2Ax00.2 NaC-237 ACAGGAAATGCCTCTTCTTACTTC, NaC-238 

TTTCCCCAAGGATTCTACTACTGT 

277bp 50.6C 

2Ax01 NaC-100, AGTGCATGTAACTGACACAATCAC, NaC-101, 

CTTGCGTTCCTGTTTGGGTCTCT 

241 bp 53.7C 

2Ax01 NaC-11 TCCGCTTCTTTACCAGGGAATC, NaC-102, 
AGGCAGTGAAGGCAACTTGACTAA, 259 
bp 55.1C 

2Ax02 NaC-96, CAGGGCAATATTTATAAATAATGG, NaC-97, 

TTTGGAAAATGTGTAGCTCAATAA, 

289bp48.7C 

2Ax03 NaC-43, AAGGCATGGTAGTGCATAAAAG, NaC-44, 
ATGAAACATAAAGGGAGGTCAA, 201 
bp, 49.3 "C 

2Ax04 NaC-47, AATGTGAGCTTGGCTATTGTCTCT, NaC-48, 

ATAGGCTCCCACCAGTGATTTAC, 

213 bp,50.9°C 

2Ax05 NaC-49, AGGCCCCTTATATCTCCAACTG, NaC-50, 
CAACAAGGCTTCTGCACAAAAG, 241 
bp, 53.9°C 

2Ax05.2 NaC-1 10, CTTGGTGGCTTGCCTTGAC, NaC-1 11, TCATGAGTGTCGCCATCAGC, 

223 

bp,51.1C 

2Ax05.3 NaC-1 12, GGAAAGCTGATGGCGACACT, NaC-113, 
CTGAGACATTGCCCAGGTCC, 329 
bp 53. OC 
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2Ax05.4 NaC-1 14, TTTTTACCCGTTGCTTTCTTTA, NaC-1 15, 

TATCCCTTGCTCTTTCATTTATCT 

224bp 50.9C 

2Ax06.1 NaC-169, GCCGGTAAAATAGCTGTTGAGTAG, NaC-170, 
GCCATTGCAAACATTTATTTCGTA 206bp 53.3C 

2Ax06.2 NaC-171, GCGTGTTTGCGCTAATAG, NaC-172, 

CTAAGTCACTTGATTCACATCTAA 

295bp 48.0C 

2Ax07 Nac-196, ACAGGGTGGCTGAAGTGTTTTA, NaC-197, 
GTGGGAGGTGGCAGGTTATT, 199 
bp, 52.6C 

2Ax08 NaC-1 18, CAATTAGCAGACTTGCCGTTATT, NaC-1 19, 

TCTCTTGAGTTCGGTGTTTTATGA 

252bp 52.9C 

2Ax09 NaC-120, ACCGAACTCAAGAGAATTGCTGTA, NaC-121, 

AAAGGACCGTATGCTTGTTCACTA 

334bp 52.9C 

2Axl0a.l NaC-161 TATGAATGCGCATTTTACTCTTTG,NaC-156 

TGGAGCTCAACTTAGATGCTACTG 

286 bp 52. IC 

2Axl0a.2 NaC-13 GGTGCTGGTGGGATAGGAGTTTTT, NaC-162 

TCCATTAAATTCTGGCATATTCTT, 

316 bp 50.9C 

2Axl0b.l NaC-145 TCAGAGGGGTGCTTTCTTCCACAT, NaC-14 

CTTCGGCTGTCATTGTCCTCAAAG, 

298bp 55. 6C 

2Axl0b.2 NaC-146,GCAAAGGACATTGGCTCTGAGAAT, NaC- 
1 47,CTGCCTGCACCAGTCACAACTCT 
324bp 59.4C 
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2Axl0c NaC-190, TGGGCTTTGCTGCTTTCAA, NaC-191, 

AGTAACTGTGACGCAGGACTTTTA, 218 

bp51.5C 

2Axl 1.1 NaC-148, CCCTGTTCCTCCAGCAGATTA, NaC-70 

GTGATGGCCAGGTCAACAAA, 283 

bp,51.5C 

2Axl 1.2 NaC-149,TTTGATTTGGGACTGTTGTAAAC, NaC- 
1 50,AAGGCAATTATAAACTCTTTCAAG 
233bp 52.0C 

2Axl2 NaC-159, TGGGAGTTAAATTAAGTTGCTCAA, NaC-160, 

ACATTTTATGAACACTCCCAGTTA 

285bp 50.4C 

2Axl3.1 NaC-239 ATTAACACTGTTCTTGCTTTTAT, NaC-240 
GTGCCAGCGTGGGAGTTC 239 bp 
51. IC 

2Axl3.2 NaC-241 GTGGGGGCTCTAGGAAACCT, NaC-242 
TTTAATGAAAATGAGGAAAATGTT 324 
bp 53 .7C 

2AX14.1 NaC-134, GACCAAGCATTTTTATTTCATTC, NaC-135, 
AGTGGCAGCAAGATTGTCA 234 
bp, 49.6C 

2Axl4.2 NaC-136, GGCCTTGCTTTTGAGTTCC, NaC-137, 
GGTCTTTGCCTATTTCTATGGTG, 257 
bp, 51. IC 

2Axl4.3 NaC-266, TTAAACCGCTTGAAGATCTAAATA, NaC-267 

TATACACCAAAATATCTCCTTAT 

319bp48.5C 

2Axl5 NaC-314 GGGGCACACCTAATTAATTTTTAT, NaC-315 

AAAGAGGATACTCAAGACCACATA 

(247bp)51.5C 
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2Axl6 NaC-344 CCCACCAACACAAATATACCTAAT, NaC-345 

TGAAGGGAAAGGGAAAAGATTT 

283bp 52.2C 

2Axl7 NaC-346 TCCAGCCTTAGGCACCTGATAA NaC-347 

ATAAAGCAGCAAAGTGCAGCATAC 3iobp 

52.4C 

2Axl8 NaC-348 AAGGCTGAACTGTGTAGACATTTT NaC-349 

TGACATTTCCATGGTACAAAGTGT 

262bp 52.2C 

2Axl9.1 NaC-350 TTTGTTGTTGGCTTTTCACTTATNaC-351 
CCACCTGGCAGTTTGATTG 268bp 51.90 

2Axl9.2 NaC-352 TAAGCGTGGTCAACAACTACAGTNaC-353 

ATTCTTGCCAGCATTTATTGTC 

260bp 50.2C 

2Ax20 NaC-354 CAAAACATTGCCCCAAAAG NaC-355 
TCAAACTAAACAATTTCCCTCTAA 239 bp 48. IC 

2Ax21 NaC-306, GATAATTAAAAACTCACTGATGTA, NaC-307 

GGAGGCTAAAGGAAAGAGTATG 

288bp 46.6C 

2Ax22 NaC-356 ATTTTATAGCCAGCAAAGAACAC NaC-357 
CTAGAAATTCGGGCTGTGAA 230 bp 49.6C 

2Ax23.1 NaC-358 CTGCTTTGTGACCTAAGGCAAGTTNaC-359 

GTGACCATGTTAAGGCAGATGAGG 

290bp51.4C 

2Ax23.2NaC-360 GGAATGGTCTTTGATTTTGTAACC NaC-361 

TCCTTAACTGAATAAAAGCACCTC 

290bp51.6C 

2Ax24.1 NaC-207 TGGAACACCCATCAAAGAAGATACT, NaC-208 

GTGGGAGTCCTGTTGACACAAAC 

278bp52.8C 
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2Ax24.2 NaC-209 AGCGATTCATGGCATCAAAC, NaC-210 

ACGTGGTGGAAGGCGTCATA 270 bp, 

52.9C 

2Ax24.3 NaC-211 GCGACCCAGTTTATAGAGTTTGCC, NaC-212 

CTTGTTTGCGTTTCAACGTGGTC 

289bp56.1C 

2AX24.4 NaC-213 CAAAGATCACCCTGGAAGCTCAGTT,NaC-214 

ATCCAGGGCATCTGCAAAATCAGAA 

277bp55.8C 

2Ax24.5 NaC-215 TGCCTATGTTAAGAGGGAAGTTGGG, NaC-216 

ATGACCGCGATGTACATGTTCAG 

279bp 55.3C 

2Ax24.6 NaC-278 TCAATTGTTTACAGCCCGTGATG, NaC-279 

TTTATACAAAGGCAGACAACAT 

302bp 52.0C 

2Ax24.7 NaC-280 AGGCGTAATGGCTACTCAGACGA, NaC-281 

GTAATCCCTCTCCCCGAACATAAAC 

251bp53.8C 

2Ax24.8 NaC-282 TTTGATTCACGGGTTGTTTACTCTTA, NaC-283 
TTCTATGGAACATTTACAGGCACATT 294bp 52. IC 

2Ax24.9 NaC-284 TAATGTGCCTGTAAATGTTCCATAGA, NaC-285 
CAGGCTTCTTAGAAAGGACTGATAGG 264bp 50.6C 

2Ax24.10 NaC-286 GTCCCAGCAGCATGACTATC, NaC-287 

CCCACTGGGTAAAATTACTAAC 249bp 

49.4C 

2Ax24.1 1 NaC-288 TAGCCATCTTCTGCTCTTGGT, NaC-289 

TGGCTTCCCATATTAGACTTCTG 

307bp51.3C 

2Ax24.12 NaC-290 TCTTGCCTATGCTGCTGTATCTTA, NaC-291 

AGTCGGGCTTTTCATCATTGAG 

207bp51.8C 
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2Ax24.13 NaC-292 TTCTTCATGTCATTAAGCAATAGG, NaC-293 

TTCAATTTAAAAGTGCTAGGAACA 

299bp49.4C 

2Ax24.14 NaC-294 CTTCAGGTGGATGTCACAGTCACTANaC-295 

ATTCAAGCAATGCCAAGAGTATCA 

263bp51.5C 

2Ax24.15 NaC-296 CTTTCAATAGTAATGCCTTATCAT NaC-297 

TCCTGCATGCATTTCACCAAC 

348bp 49.6C 

2Ax24.16 NaC-362 CTGTTCACATTTTGTAAAACTAAT, NaC-263 

ATCCCAAAGATGGCGTAGATGA 

309 bp 50.8C 

2Ax24.17 NaC-325 CACGCTGCTCTTTGCTTTGA, NaC-363 
GATCTTTGTCAGGGTCACAGTCT 269 
bp 54.0C 


FIGURE 4 (cont'd) 


a. Lys908Arg: 

noraial: TAG AAA GAA; 

9782 (Patient with IGE): TAG AGA GAA; 

b. Ieu768val, in individuals 8197, 9062 et 9822 (all IGE patients). 
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3AxO0a.l NaC-390 TGTGTCCGCCAGTAGATGG, NaC-391 

TTTTTGACCACAGAGGTTTACAA 233bp 

51.4C 

3Ax00a.2 NaC-392 GAAGCGGAGGCATAAGCAGA, NaC-393 

GGTGCAGATAATGAAATGTTTTGT 

253bp51.3C 

3Ax00b NaC-394 CACCCCTATGCCAAATGTCAAAGA NaC-395 

CAAAAACAAACTTATACCCAGAAG 

293bp51.6C 

3Ax00c NaC-396 CAAATATTGGGCAAACCCTAAT, NaC-397 

AAGGTGCCATCACAAAATCAT 225bp 

50.7C 

3Ax01.1 NaC-51 ATCGCTTGCTTTCCTAACTCTTGT, NaC-52 

AAGTCACTATTTGGCTTTGGTTG, 

260bp, 53. IC 

3AX01.2 NaC-53 AGAAGCCCAAAAAGGAACAAGATA, NaC-54 

GGCCCAGAAAAGTATATTACAGTT, 

231 bp, 50.8C 

3Ax02 NaC-85, TCCTTAAATAAGCCCATGTCTAAT, NaC-86, 

TCTCAAAGAAATTTTACAGATACT, 

273bp, 47.3C 

3Ax03 NaC-27, AATGGCCATGGTAACCTACTAACA, NaC-28, 

CAGGCTATACCCACAAGGAGATT, 

212bp51.8C 

3Ax04 NaC-94, TGTTAATTTTGGCTTGGATGTT, NaC-95, 

TCACTCCTTTGCGCTTATCAA, 198 bp 

50.8C 

3Ax05.1 NaC-247, AGGGCTCTATGTGCCAAACC, NaC-248, 
AGGGGCCTACTACCTTACACCAG 213 
bp 52.2C 
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3Ax05.2 NaC-249 TGTAATCCCAGGTAAGAAGAAAC, NaC-250 

TACCGGGATGAACTGTAATAATAA 

304 bp 51. 8C 

3Ax06.1 NaC-192,TTCTGGCACTCTTCCTCAGGTAAC, NaC- 
1 93,GTCCCATTTGAATCCATTGTGC, 
261 bp 55. 4C 

3Ax06.2 NaC-194,GGCCCCCAAGCGATTCTG, NaC-195, 

TGTACACCCACAGTCTCAACTATT, 

209bp, 50.3C 

3Ax07 NaC-204, ACAGCCACCTTTGTAAATAA, NaC-205, 

TTTTTCGCAAAGAGTTCTAT 

220 bp, 46.6C 

3Ax08 NaC-98, AAACTGACCCTACCTCCATTTCTC, NaC-99, 

ACTCAGCCTATGCTTTTCATTTCA, 

247 bp 53. 2C 

3Ax09 NaC-37 CAGATATTTATTTGGGGACATTAT, NaC-38 
AAATCTTTGCKTTTATCACTCAGT, 295 
bp, 52.0C 

3Axl0a.l NaC-198 TAGTGCCTGGCTTTGTTTTATGAC, NaC-199 

CGGATTTGGGAAAGCTGTCTCT 

225 bp 54.3C 

3Axl0a.2 NaC-200 AGAGCACCTTGAAGGAAACAACAA, NaC-274, 
TCCCTCAACTGAAGTACAGATAGT, 253 bp 51.2C 

3AxlOb NaC-33, ATAATTGCGTTCTTCCCCTACCC, NaC-34, 
AAGCCCTGGCACCATCCTG, 301 
bp, 56.2 °C 

3AxlOc NaC-35, TTTGCAAAGAAATGCTATGT, NaC-36, 
CTGGGTAACAGACTTCAGTAAT, 303 
bp, 51.4°C 

3Axl 1 ,1 NaC-122, ATGGGATTGTCTTCTCAAGTTTCT, NaC-123, 

GATGGCAAGATCAACAAATGGA 

294bp 50.3C 
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3Axl 1.2 NaC-124, CTTGATCTGGGACTGCTGTGATG, NaC-125, 

AGGATATAATTTTTGGTTCAACA 

284bp 51.50 

3Axl2 NaC-61, TTTTCAGTGCTCTTGATAGTAGTG, NaC-62, 

GTGCCAATGAGCGACAGG, 254 bp, 

50.7°C 

3Axl3.1 NaC-73, CCACGTGTGGTTCTATGATACC, NaC-74, 

ACCGTGGGAGCGTACAGTCA 298 bp 

52.3C 

3Axl3.2 NaC-75, CGGCATGCAGCTCTTTGGTA, NaC-76, 
TGGCCACGTTCCTAGCTACTGTC 291 
bp 55.9C 

3AX14.1 NaC-55, GAGTTCCCTTTTTAGGCTGTTATT, NaC-56 

TCTTATTGCCTTCATGGATTTCTA, 

285bp,50.5C 

3AX14.2 NaC-57, TGAAAAATAAGATGCGGGAGTG, NaC-58, 
GTGAGGCTGGGGTTGTTTATG, 247 
bp, 51.7C 

3Axl4.3 NaC-59, GAGATGGGAATGGAACCACCA, NaC-60, 
TTCGATAATGCATATAAGCACAA, 297 
bp, 51.7C 

3Axl 5 NaC-3 1 8 AAGGGGGAAAATCACATCTTT, NaC-3 1 9 

TTAAATGAGGCATATTCAGTCTCC 235bp 

51.8C 

3Axl6NaC-l 16, GGAAGTGGAGTGGGGAAGG, NaC-117, 

ATTCTTGCCAATATGCATTTCACT, 271 

bp,51.1C 

3Axl7 NaC-157,TTCTTTTGTACTCACTATTATACTAA, NaC- 

1 58,AAACTTGCCTCTTTTAAAAACAAT 

317bp46.6C 

3Axl 8 NaC-374 TACCACACCCTATACCTTCAGTCA, NaC-375 

GAGTATGGCACCCTTTTCTATCTA 

275bp51.4C 
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3Axl9.1 NaC-386 GCTATGTTCCCCTCGCTGTCT, NaC-387 

TGCTTGCCAAGAGCCTGAC 

231bp53.6C 

3Axl9.2 NaC-388 GCTGGCAAGTTCTACCACTGTG, NaC-389 

CAAACGAAGAACATCAGGGAAATA 

247bp 53.0C 

3Ax20 NaC-376 TTCACAATATTGTACAAAAAGTTA, NaC-377 

ATTACCACCAATATTCACCATAAG 

230 bp 46 AC 

3Ax21 NaC-378 TCAGGGTAAGGCAAAAGTAGCAC, NaC-379 
GAACCCCAGAATGAAGAAAGGTAA 294 
bp 50.2C 

3Ax22 NaC-380 TTTGTGAAAGTACTATTGGAACAC, NaC-381 
ACGCATGGCTTTGGAACAT 204bp 49.6C 

3Ax23.1 NaC-382 CCCGTATGTGGAAGGGCTTTAT, NaC-383 

CTAGGTTGATCCGGGACAAAACTA 

246bp 52.9C 

3Ax23.2 NaC-384 AACGGATGACCAGGGCAAATAC, NaC-385 

CTAGAAGGTCCTGGGGCAACTG 

234bp 54. 8C 

3AX24.1 NaC-317 AAGCCATCATGTAAAGTGAAAAG, NaC-320 
ATCCCAAAGATGGCATAGATA 274 
bp, 52.5C 

3AX24.2 NaC-325 CACGCTGCTCTTTGCTTTGA, NaC-326 TGAGCTGCCAGGGTGAATTG 
282 bp 54.9C 

3Ax24.3 NaC-327 TTGCTAGCACCTATTCTTAATAGTGC NaC-328 

CCAGGGCAGCTGCAAAATCAGAG 

318bp54.2C 

3AX24.4 NaC-329 CCCGATGCGACCCAGTTTA, NaC-330 TGGAGGGGTTTGATGCCATA 
250 bp, 55.2C 
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3Ax24.5 NaC-331 GATGGATGCCCTTCGAATACAGA, NaC-332 

TTCCCATTTAGTTTGTCAATAATC 

258 bp 50.6C 

3Ax24.6 NaC-321 AAGGGGAGGATTGACTTACCTAT, NaC-333 

TTGGCATGGACCTCCTCTTGA 302 

bp51.5C 
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a. Asn43DEL: 

9706 (allele 1 ; IGE patient): CAA GAT AAT GAT GAT GAG ; 
9632 (allele 2; patient has IGE): CAA GAT — GAT GAT GAG ; 
allele 1 = 131/146 (0.90); 
allele 2= 15/146 (0.10); 

for IGE patients: homozygotes (22): 3958, 9632; heterozygotes (12): 9049, 9152, 9649, 9710, 
9896, 10069, 10191, 10213, 9993, 10009, 10256 (note that 2 patients are homo2ygous for the 
rare allele; all patients have IGE); in controls: allele 1 = 45/154 (0.94); allele 2 = 9/154 (0.06) 
and no 22 homozygotes found. 

b. normal: tggtgtaaggtag, 
1 0670 (IGE patient): tggtataaggtag 

c. normal: ccccttatatctccaac, 
10250 (IGE patient): ccccttatayctccaac; 

d. Vall035Ile: 

normal: AAA TAG GTA ATC GAT, 

9269 (IGE patient): AAA TAG RTA ATC GAT; GTA>ATA = Val>IIe. 
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tactgcagaggtctctggtgcatgtgtgtatgtgtgcgtttgtgtgtgtttgtgtgtctgtgtgttctgccccagtgagactgcagcccttgtaaata 

ctttgacaccttttgcaagaaggaatctgaacaattgcaactgaaggcacattgttatcatctcgtctttgggtgatgctgttcctcactgc^gatg 

gataattttccttttaatcaggaatttcatatgcagaataaatggtaattaaaatgtgcaggatgacaagATGGAGCAAACAGTGC 

TTGTACCACCAGGACCTGACAGCTTCAACTTCTTCACCAGAGAATCTCTTGCGGCTA 

TTGAAAGACGCATTGCAGAAGAAAAGGCAAAGAATCCCAAACCAGACAAAAAAGA 

TGACGACGAAAATGGCCCAAAGCCAAATAGTGACTTGGAAGCTGGAAAGAACCTTC 

CATTTATTTATGGAGACATTCCTCCAGAGATGGTGTCAGAGCCCCTGGAGGACCTGG 

ACCCCTACTATATCAATAAGAAAACTTTTATAGTATTGAiATAAAggGAAGGCCA 

TCTTCCGGTTCAGTGCCACCTCTGCCCTGTACATTTTAACTCCCTTCAATCCTCTTAG 

GAAAATAGCTATTAAGATTTTGGTACATTCATTATTCAGCATGCTAATTATGTGCACT 

ATTTTGACAAACTGTGTGTTTATGACAATGAGTAACCCTCCTGATTGGACAAAGAAT 

GTAGAATACACCTTCACAGGAATATATACTTTTGAATCACTTATAAAAATTATTGCA 

AGGGGATTCTGTTTAGAAGATTTTACTTTCCTTCGGGATCCATGGAACTGGCTCGATT 

TCACTGTCATTACATTTGCGTACGTCACAGAGTTTGTGGACCTGGGCAATGTCTCGG 

CATTGAGAACATTCAGAGTTCTCCGAGCATTGAAGACGATTTCAGTCATTCCAGG 

CCTGAAAACCATTGTGGGAGCCCTGATCCAGTCTGTGAAGAAGCTCTCAGATGTAAT 

GATCCTGACTGTGTTCTGTCTGAGCGTATTTGCTCTAATTGGGCTGCAGCTGTTCATG 

GGCAACCTGAGGAATAAATGTATACAATGGCCTCCCACCAATGCTTCCTTGGAGGA 

ACATAGTATAGAAAAGAATATAACTGTGAATTATAATGGTACACTTATAAATGAAA 

CTGTCTTTGAGTTTGACTGGAAGTCATATATTCAAGATTCAAGATATCATTATTTCCT 

GGAGGGTTTTTTAGATGCACTACTATGTGGAAATAGCTCTGATGCAGGCCAATGTCC 

AGAGGGATATATGTGTGTGAAAGCTGGTAGAAATCCCAATTATGGCTACACAAGCTT 

TGATACCTTCAGTTGGGCTTTTTTGTCCTTGTTTCGACTAATGACTCAGGACTTCTGG 

GAAAATCTTTATCAACTGACATTACGTGCTGCTGGGAAAACGTACATGATATTTTTT 

GTATTGGTCATTTTCTTGGGCTCATTCTACCTAATAAATTTGATCCTGGCTGTGGTGG 

CCATGGCCTACGAGGAACAGAATCAGGCCACCTTGGAAGAAGCAGAACAGAAAGA 

GGCCGAATTTCAGCAGATGATTGAACAGCTTAAAAAGCAACAGGAGGCAGCTCAGC 

AGGCAGCAACGGCAACTGCCTCAGAACATTCCAGAGAGCCCAGTGCAGCAGGCAGG 

CTCTCAGACAGCTCATCTGAAGCCTCTAAGTTGAGTTCCAAGAGTGCTAAGGAAAGA 

AGAAATCGGAGGAAGAAAAGAAAACAGAAAGAGCAGTCTGGTGGGGAAGAGAAAG 

ATGAGGATGAATTCCAAAAATCTGAATCTGAGGACAGCATCAGGAGGAAAGGTTTT 

CGCTTCTCCATTGAAGGGAACCGATTGACATATGAAAAGAGGTACTCCTCCCC 
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ACACCAGTCTTTGTTGAGCATCCGTGGCTCCCTATTTTCACCAAGGCGAAATAGCAG 

AACAAGCCTTTTCAGCTTTAGAGGGCGAGCAAAGGATGTGGGATCTGAGAACGACT 

TCGCAGATGATGAGCACAGCACCTTTGAGGATAACGAGAGCCGTAGAGATTCCTTG 

TTTGTGCCCCGACGACACGGAGAGAGACGCAACAGCAACCTGAGTCAGACCAGTAG 

GTCATCCCGGATGCTGGCAGTGTTTCCAGCGAATGGGAAGATGCACAGCACTGTGG 

ATTGCAATGGTGTGGTTTCCTTGGTTGGTGGACCTTCAGTTCCTACATCGCCTGTTGG 

ACAGCTTCTGCCAGAGGTGATAATAGATAAGCCAGCTACTGATGACAATGGAACAA 

CCACTGAAACTGAAATGAGAAAGAGAAGGTCAAGTTCTTTCCACGTTTCCATGGACT 

TTCTAGAAGATCCTTCCCAAAGGCAACGAGCAATGAGTATAGCCAGCATTCTAACA 

AATACAGTAGAAGAACTTGAAGAATCCAGGCAGAAATGCCCACCCTGTTGGTATAA 

ATTTTCCAACATATTCTTAATCTGGGACTGTTCTCCATATTGGTTAAAAGTGAAACAT 

GTTGTCAACCTGGTTGTGATGGACCCATTTGTTGACCTGGCCATCACCATCTGTATTG 

TCTTAAATACTCTTTTCATGGCCATGGAGCACTATCCAATGACGGACCATTTCAATA 

ATGTGCTTACAGTAGGAAACTTGGTTTTCACTGGGATCTTTACAGCAGAAATGTTTCT 

GAAAATTATTGCCATGGATCCTTACTATTATTTCCAAGAAGGCTGGAATATCTTTGA 

CGGTTTTATTGTGACGCTTAGCCTGGTAGAACTTGGACTCGCCAATGTGGAAGGATT 

ATCTGTTCTCCGTTCATTTCGATTGCTGCGAGTTTTCAAGTTGGCAAAATCTTGGCCA 

ACGTTAAATATGCTAATAAAGATCATCGGCAATTCCGTGGGGGCTCTGGGAAATTTA 

ACCCTCGTCTTGGCCATCATCGTCTTCATTTTTGCCGTGGTCGGCATGCAGCTCTTTG 

GTAAAAGCTACAAAGATTGTGTCTGCAAGATCGCCAGTGATTGTCAACTCCCACGCT 

GGCACATGAATGACTTCTTCCACTCCTTCCTGATTGTGTTCCGCGTGCTGTGTGGGGA 

GTGGATAGAGACCATGTGGGACTGTATGGAGGTTGCTGGTCAAGCCATGTGCCTTAC 

TGTCTTCATGATGGTCATGGTGATTGGAAACCTAGTGGTCCTGAATCTCTTTCTGGCC 

TTGCTTCTGAGCTCATTTAGTGCAGACAACCTTGCAGCCACTGATGATGATAATGAA 

ATGAATAATCTCCAAATTGCTGTGGATAGGATGCACAAAGGAGTAGCTTATGTGAA 

AAGAAAAATATATGAATTTATTCAACAGTCCTTCATTAGGAAACAAAAGATTTTAGA 

TGAAATTAAACCACTTGATGATCTAAACAACAAGAAAGACAGTTGTATGTCCAATCA 

TACAGCAGAAATTGGGAAAGATCTTGACTATCTTAAAGATGTAAATGGAACTACAA 

GTGGTATAGGAACTGGCAGCAGTGTTGAAAAATACATTATTGATGAAAGTGATTAC 

ATGTCATTCATAAACAACCCCAGTCTTACTGTGACTGTACCAATTGCTGTAGGAGAA 

TCTGACTTTGAAAATTTAAACACGGAAGACTTTAGTAGTGAATCGGATCTGGAAGAA 

AGCAAAGAGAAACTGAATGAAAGCAGTAGCTCATCAGAAGGTAGCACTGTGGACAT 

CGGCGCACCTGTAGAAGAACAGCCCGTAGTGGAACCTGAAGAAACTCTTGAACCAG 

AAGCTTGTTTCACTGAAGGCTGTGTACAAAGATTCAAGTGTTGTCAAATCAATGTGG 

AAGAAGGCAGAGGAAAACAATGGTGGAACCTGAGAAGGACGTGTTTCCGA/iTAGTT 

GAACATAACTGGTTTGAGACCTTCATTGTTTTCATGATTCTCCTTAGTAGTGGTGCTC 

TGGCATTTGAAGATATATATATTGATCAGCGAAAGACGATTAAGACGATGTTGGAAT 

ATGCTGACAAGGTTTTCACTTACATTTTCATTCTGGAAATGCTTCTAAAATGGGTGGC 

ATATGGCTATCAAACATATTTCACCAATGCCTGGTGTTGGCTGGACTTCTTAATTGTT 

GATGTTTCATTGGTCAGTTTAACAGCAAATGCCTTGGGTTACTCAGAACTTGGAGCC 

ATCAAATCTCTCAGGACACTAAGAGCTCTGAGACCTCTAAGAGCCTTATCTCGATTT 

GAAGGGATGAGGGTGGTTGTGAATGCCCTTTTAGGAGCAATTCCATCCATCATGAAT 

GTGCTTCTGGTTTGTCTTATATTCTGGCTAATTTTCAGCATCATGGGCGTAAATTTGT 
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TTGCTGGCAAATTCTACCACTGTATTAACACCACAACTGGTGACAGGTTTGACATCG 

AAGACGTGAATAATCATACTGATTGCCTAAAACTAATAGAAAGAAATGAGACTGCT 

CGATGGAAAAATGTGAAAGTAAACTTTGATAATGTAGGATTTGGGTATCTCTCTTTG 

CTTCAAGTTGCCACATTCAAAGGATGGATGGATATAATGTATGCAGCAGTTGATJCC 

AGAAATGTGGAACTCCAGCCTAAGTATGAAGAAAGTCTGTACATGTATCTTTACTTT 

GTTATTTTCATCATCTTTGGGTCCTTCTTCACCTTGAACCTGTTTATTGGTGTCATCAT 

AGATAATTTCAACCAGCAGAAAAAGAAGTTTGGAGGTCAAGACATCTTTATGACAG 

AAGAACAGAAGAAATACTATAATGCAATGAAAAAATTAGGATCGAAAAAACCGCA 

AAAGCCTATACCTCGACCAGGAAACAAATTTCAAGGAATGGTCTTTGACTTCGTAAC 

CAGACAAGTTTTTGACATAAGCATCATGATTCTCATCTGTCTTAACATGGTCACAAT 

GATGGTGGAAACAGATGACCAGAGTGAATATGTGACTACCATTTTGTCACGCATCAA 

TCTGGTGTTCATTGTGCTATTTACTGGAGAGTGTGTACTGAAACTCATCTCTCTACGC 

CATTATTATTTTACCATTGGATGGAATATTTTTGATTTTGTGGTTGTCATTCTCTCCAT 

TGTAGGTATGTTTCTTGCCGAGCTGATAGAAAAGTATTTCGTGTCCCCTACCCTGTTC 

CGAGTGATCCGTCTTGCTAGGATTGGCCGAATCCTACGTCTGATCAAAGGAGCAAAG 

GGGATCCGCACGCTGCTCTTTGCTTTGATGATGTCCCTTCCTGCGTTGTTTAACATCG 

GCCTCCTACTCTTCCTAGTCATGTTCATCTACGCCATCTTTGGGATGTCCAACTTTGC 

CTATGTTAAGAGGGAAGTTGGGATCGATGACATGTTCAACTTTGAGACCTTTGGCAA 

CAGCATGATCTGCCTATTCCAAATTACAACCTCTGCTGGCTGGGATGGATTGCTAGC 

ACCCATTCTCAACAGTAAGCCACCCGACTGTGACCCTAATAAAGTTAACCCTGGAAG 

CTCAGTTAAGGGAGACTGTGGGAACCCATCTGTTGGAATTTTCTTTTTTGTCAGTTAC 

ATCATCATATCCTTCCTGGTTGTGGTGAACATGTACATCGCGGTCATCCTGGAGAAC 

TTCAGTGTTGCTACTGAAGAAAGTGCAGAGCCTCTGAGTGAGGATGACTTT 

GAGATGTTCTATGAGGTTTGGGAGAAGTTTGATCCCGATGCAACTCAGTTCATGGAA 

TTTGAAAAATTATCTCAGTTTGCAGcTGCGCTTGAACCGCCTCTCAATCTGCCACAAC 

CAAACAAACTCCAGCTCATTGCCATGGATTTGCCCATGGTGAGTGGTGACCGGATCC 

ACTGTCTTGATATCTTATTTGCTTTTACAAAGCGGGTTCTAGGAGAGAGTGGAGAGA 

TGGATGCTCTACGAATACAGATGGAAGAGCGATTCATGGCTTCCAATCCTTCCAAGG 

TCTCCTATCAGCCAATCACTACTACTTTAAAACGAAAACAAGAGGAAGTATCTGCTG 

TCATTATTCAGCGTGCTTACAGACGCCACCTTTTAAAGCGAACTGTAAAACAAGCTT 

CCTTTACGTACAATAAAAACAAAATCAAAGGTGGGGCTAATCTTCTTATAAAAGAA 

GACATGATAATTGACAGAATAAATGAAAACTCTATTACAGAAAAAACTGATCTGAC 

CATGTCCACTGCAGCTTGTCCACCTTCCTATGACCGGGTGACAAAGCCAATTGTGGA 

AAAACATGAGCAAGAAGGCAAAGATGAAAAAGCCAAAGGGAAATAAatgaaaataaataaa 

aataattgggtgacaaattgtttacagcctgtgaaggtgatgtatttttatcaacaggactcctttaggaggtcaatgccaaactgactgtttttaca 

caaatctccttaaggtcagtgcctacaataagacagtgaccccttgtcagcaaactgtgactctgtgtaaaggggagatgaccttgacaggag 

gttactgttctcactaccagctgacactgctgaagataagatgcacaatggctagtcagactgtagggaccagtttcaaggggtgcaaacctgt 

gattttggggttgtttaacatgaaacactttagtgtagtaattgtatccactgtttgcatttcaactgccacatttgtcacatttttatggaatctgttagt 

ggattcatctttttgttaatccatgtgtttattatatgtgactatttttgtaaacgaagtttctgttgagaaataggctaaggacctctataacaggtatg 

ccacctggggggtatggcaaccacatggccctcccagctacacaaagtcgtggtttgcatgagggcatgctgcacttagagatcatgcatga 

gaaaaagtcacaagaaaaacaaattcttaaatttcaccatatttctgggaggggtaattgggtgataagtggaggtgctttgttgatcttgttttgc 

gaaatccagcccctagaccaagtagattatttgtgggtaggccagtaaatcttagcaggtgcaaacttcattcaaatgtttggagtcataaatgtt 

atgtttctttttgttgtattaaaaaaaaaacctgaatagtgaatattgcccctcaccctccaccgccagaagactgaattgaccaaaattactcttta 
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taaamctgctttttcctgcactttgtttagccatcttcggctctcagcaaggttgacactgtatatgttaatgaaatgctatttattatgtaaatagtca 

ttttaccctgtggtgcacgtttgagcaaacaaataatgacctaagcacagtatttattgcatcaaatatgtaccacaagaaatgtagagtgcaagc 

tttacacaggtaataaaatgtattctgtaccatttatagatagmggatgctatcaatgcatgtltatattaccatgctgctgtatctggmctctca 

gctcagaatctcatttatgagaaaccatatgtcagtggtaaagtcaaggaaattgttcaacagatctcatttatttaagtcattaagcaatagtttgc 

agcacmaacagctltttggttattMacatmaagtggataacatatggtatatagccagactgtacagacatgtttaaaaaaacacactgctt^ 

acctattaaatatgtgmagaattttataagcaaatataaatactgtaaaaagtcaclttattttalttttcagcattatgtacataaatatgaa 

aattatcttcaggttgatatcacaatcacttttcttactttctgtccatagtactttttcatgaaagaaatttgctaaataagacatgaaaacaagactg 

ggtagttgtagaWctgcttmaaattacatttgctaatWagattatttcacaattttaaggagcaaaataggltcacgattcatatccaaa 

tttgcaattggaaaagggmaaaatmatttatamctggtagtacctgcactaactgaattgaaggtagtgcttatgttattmgttctt^ 

cttcggmatgtWcamcmggagtaatgctgctctagattgttctaaatagaatgtgggcttcataattttt^ 

acttatatagtcaattacatcaggacattttgtgtttcttacagaagcaaaccataggctcctcttttccttaaaactacttagataaactgtattcgtg 

aactgcatgctggaaaatgctactattatgctaaataatgctaaccaacatttaaaatgtgcaaaactaataaagattacattttttatttta 
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tactgcagaggtctctggtgcatgtgtgtatgtgtgcgmgtgtgtgtttgtgtgtctgtgtgttctgccccagtgagactgcagcccttgtaaa 

cmgacacctmgcaagaaggaatctgaacaattgcaactgaaggcacattgttatcatctcgtctttgggtgatgctgttcctcactgcagatg / 

gataattttccttttaatcaggaatttcatatgcagaataaatggtaattaaaatgtgcaggatgacaagATGGAGCAAACAGTGC , 

TTGTACCACCAGGACCTGACAGCTTCAACTTCTTCACCAGAGAATCTCTTGCGGCTA' / 

TTGAAAGACGCATTGCAGAAGAAAAGGCAAAGAATCCCAAACCAGACAAAA^GA 

TGACGACGAAAATGGCCCAAAGCCAAATAGTGACTTGGAAGCTGGAAAGAACCTTC 

CATTTATTTATGGAGACATTCCTCCAGAGATGGTGTCAGAGCCCCTGGAGGACCTGG 

ACCCCTACTATATCAATAAGAAAACTTTTATAGTATTGAATAAAggGAAGGCCATCTT 

CCGGTTCAGTGCCACCTCTGCCCTGTACATTTTAACTCCCTTCAATCCTCTTAGGAAA 

ATAGCTATTAAGATTTTGGTACATTCATTATTCAGCATGCTAATTATGTGCACTATTT 

TGACAAACTGTGTGTTTATGACAATGAGTAACCCTCCTGATTGGACAAAGAATGTAG 

AATACACCTTCACAGGAATATATACTTTTGAATCACTTATAAAAATTATTGCAAGGG 

GATTCTGTTTAGAAGATTTTACTTTCCTTCGGGATCCATGGAACTGGCTCGATTTCAC 

TGTCATTACATTTGCGTTTGTAACAGAATTTGTAAACCTAGGCAATTTTTCAGCTCTT 

CGCACTTTCAGAGTCTTGAGAGCTTTGAAAACTATTTCGGTAATTCCAGGCCTGAAA 

ACCATTGTGGGAGCCCTGATCCAGTCTGTGAAGAAGCTCTCAGATGTAATGATCCTG 

ACTGTGTTCTGTCTGAGCGTATTTGCTCTAATTGGGCTGCAGCTGTTCATGGGCAACC 

TGAGGAATAAATGTATACAATGGCCTCCCACCAATGCTTCCTTGGAGGAACATAGTA 

TAGAAAAGAATATAACTGTGAATTATAATGGTACACTTATAAATGAAACTGTCTTTG 

AGTTTGACTGGAAGTCATATATTCAAGATTCAAGATATCATTATTTCCTGGAGGGTTT 

TTTAGATGCACTACTATGTGGAAATAGCTCTGATGCAGGCCAATGTCCAGAGGGATA 

TATGTGTGTGAAAGCTGGTAGAAATCCCAATTATGGCTACACAAGCTTTGATACCTT 

CAGTTGGGCTTTTTTGTCCTTGTTTCGACTAATGACTCAGGACTTCTGGGAAAATCTT 

TATCAACTGACATTACGTGCTGCTGGGAAAACGTACATGATATTTTTTGTATTGGTCA 

TTTTCTTGGGCTCATTCTACCTAATAAATTTGATCCTGGCTGTGGTGGCCATGGCCTA 

CGAGGAACAGAATCAGGCCACCTTGGAAGAAGCAGAACAGAAAGAGGCCGAATTT 

CAGCAGATGATTGAACAGCTTAAAAAGCAACAGGAGGCAGCTCAGCAGGCAGCAA 

CGGCAACTGCCTCAGAACATTCCAGAGAGCCCAGTGCAGCAGGCAGGCTCTCAGA9 

AGCTCATCTGAAGCCTCTAAGTTGAGTTCCAAGAGTGCTAAGGAAAGAAGAAATCG 

GAGGAAGAAAAGAAAACAGAAAGAGCAGTCTGGTGGGGAAGAGAAAGATGAGGAT 

GAATTCCAAAAATCTGAATCTGAGGACAGCATCAGGAGGAAAGGTTTTCGCTTCTCC 

ATTGAAGGGAACCGATTGACATATGAAAAGAGGTACTCCTCCCCACACCAGTCTTTG 

TTGAGCATCCGTGGCTCCCTATTTTCACCAAGGCGAAATAGCAGAACAAGCCTTTTC 

AGCTTTAGAGGGCGAGCAAAGGATGTGGGATCTGAGAACGACTTCGCAGATGATGA 

GCACAGCACCTTTGAGGATAACGAGAGCCGTAGAGATTCCTTGTTTGTGCCCCGACG 

ACACGGAGAGAGACGCAACAGCAACCTGAGTCAGACCAGTAGGTCATCCCGGATGC 

TGGCAGTGTTTCCAGCGAATGGGAAGATGCACAGCACTGTGGATTGCAATGGTGTG 
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GTTTCCTTGGTTGGTGGACCTTCAGTTCCTACATCGCCTGTTGGACAGCirrCTGCCAG 

AGGTGATAATAGATAAGCCAGCTACTGATGACAATGGAACAACCACTGAAACTGAA 

ATGAGAAAGAGAAGGTCAAGTTCTTTCCACGTTTCCATGGACTTTCTAGAAGATCCT 

TCCCAAAGGCAACGAGCAATGAGTATAGCCAGCATTCTAACAAATACAGTAGAAGA 

ACTTGAAGAATCCAGGCAGAAATGCCCACCCTGTTGGTATAAATTTTCCAACATATT 

CTTAATCTGGGACTGTTCTCCATATTGGTTAAAAGTGAAACATGTTGTCAACCTGGTT 

GTGATGGACCCATTTGTTGACCTGGCCATCACCATCTGTATTGTCTTAAATACTCTTT 

TCATGGCCATGGAGCACTATCCAATGACGGACCATTTCAATAATGTGCTTACAGTAG 

GAAACTTGGTTTTCACTGGGATCTTTACAGCAGAAATGTTTCTGAAAATTATTGCCAT 

GGATCCTTACTATTATTTCCAAGAAGGCTGGAATATCTTTGACGGTTTTATTGTGACG 

CTTAGCCTGGTAGAACTTGGACTCGCCAATGTGGAAGGATTATCTGTTCTCCGTTCA 

TTTCGATTGCTGCGAGTTTTCAAGTTGGCAAAATCTTGGCCAACGTTAAATATGCTA 

ATAAAGATCATCGGCAATTCCGTGGGGGCTCTGGGAAATTTAACCCTCGTCTTGGCC 

ATCATCGTCTTCATTTTTGCCGTGGTCGGCATGCAGCTCTTTGGTAAAAGCTACAAA 

GATTGTGTCTGCAAGATCGCCAGTGATTGTCAACTCCCACGCTGGCACATGAATGAC 

TTCTTCCACTCCTTCCTGATTGTGTTCCGCGTGCTGTGTGGGGAGTGGATAGAGACCA 

TGTGGGACTGTATGGAGGTTGCTGGTCAAGCCATGTGCCTTACTGTCTTCATGATGG 

TCATGGTGATTGGAAACCTAGTGGTCCTGAATCTCTTTCTGGCCTTGCTTCTGAGCTC 

ATTTAGTGCAGACAACCTTGCAGCCACTGATGATGATAATGAAATGAATAATCTCCA 

AATTGCTGTGGATAGGATGCACAAAGGAGTAGCTTATGTGAAAAGAAAAATATATG 

AATTTATTCAACAGTCCTTCATTAGGAAACAAAAGATTTTAGATGAAAirTAAACCAC 

TTGATGATCTAAACAACAAGAAAGACAGTTGTATGTCCAATCATACAGCAGAAATT 

GGGAAAGATCTTGACTATCTTAAAGATGTAAATGGAACTACAAGTGGTATAGGAAC 

TGGCAGCAGTGTTGAAAAATACATTATTGATGAAAGTGATTACATGTCATTCATAAA 

CAACCCCAGTCTTACTGTGACTGTACCAATTGCTGTAGGAGAATCTGACTTTGAAAA 

TTTAAACACGGAAGACTTTAGTAGTGAATCGGATCTGGAAGAAAGCAAAGAGAAAC 

TGAATGAAAGCAGTAGCTCATCAGAAGGTAGCACTGTGGACATCGGCGCACCTGTA 

GAAGAACAGCCCGTAGTGGAACCTGAAGAAACTCTTGAACCAGAAGC^ITGTTTCAC 

TGAAGGCTGTGTACAAAGATTCAAGTGTTGTCAAATCAATGTGGAAGAAGGCAGAG 

GAAAACAATGGTGGAACCTGAGAAGGACGTGTTTCCGAATAGTTGAACATAACTGG 

TTTGAGACCTTCATTGTTTTCATGATTCTCCTTAGTAGTGGTGCTCTGGCATTTGAAG 

ATATATATATTGATCAGCGAAAGACGATTAAGACGATGTTGGAATATGCTGACAAG 

GTTTTCACTTACATTTTCATTCTGGAAATGCTTCTAAAATGGGTGGCATATGGCTATC 

AAACATATTTCACCAATGCCTGGTGTTGGCTGGACTTCTTAATTGTTGATGTTTCATT 

GGTCAGTTTAACAGCAAATGCCTTGGGTTACTCAGAACTTGGAGCCATCAAATCTCT 
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CAGGACACTAAGAGCTCTGAGACGTCTAAGAGCCTTATCTCGATTTGAAGGGATGA 

GGGTGGTTGTGAATGCCCTTTTAGGAGCAATTCCATCCATCATGAATGTGCTTCTGG . 

TTTGTCTTATATTCTGGCTAATTTTCAGCATCATGGGCGTAAATTTGTTTGCTGGCAA 

ATTCTACCACTGTATTAACACCACAACTGGTGACAGGTTTGACATCGAAGACGTGAA 

TAATCATACTGATTGCCTAAAACTAATAGAAAGAAATGAGACTGCTCGATGGAAAA 

ATGTGAAAGTAAACTTTGATAATGTAGGATTTGGGTATCTCTCTTTGCTTCAAGTTGC 

CACATTCAAAGGATGGATGGATATAATGTATGCAGCAGTTGATTCCAGAAATGTGG 

AACTCCAGCCTAAGTATGAAGAAAGTCTGTACATGTATCTTTACTTTGTTATTTTCAT 

CATCTTTGGGTCCTTCTTCACCTTGAACCTGTTTATTGGTGTCATCATAGATAATTTC 

AACCAGCAGAAAAAGAAGTTTGGAGGTCAAGACATCTTTATGACAGAAGAACAGAA 

GAAATACTATAATGCAATGAAAAAATTAGGATCGAAAAAACCGCAAAAGCCTATAC 

CTCGACCAGGAAACAAATTTCAAGGAATGGTCTTTGACTTCGTAA 

CCAGACAAGTTTTTGACATAAGCATCATGATTCTCATCTGTCTTAACATGGTCACAA 

TGATGGTGGAAACAGATGACCAG 

AGTGAATATGTGACTACCATTTTGTCACGCATCAATCTGGTGTTCATTGTGCTATTTA 
CTGGAGAGTGTGTACTGAAACT 

CATCTCTCTACGCCATTATTATTTTACCATTGGATGGAATATTTTTGATTTTGTGGTTG 
TCATTCTCTCCATTGTAGGTA 

TGTTTCTTGCCGAGCTGATAGAAAAGTATTTCGTGTCCCCTACCCTGTTCCGAGTGAT 
CCGTCTTGCTAGGATTGGCCGA 

ATCCTACGTCTGATCAAAGGAGCAAAGGGGATCCGCACGCTGCTCTTTGCTTTGATG 
ATGTCCCTTCCTGCGTTGTTTAA 

CATCGGCCTCCTACTCTTCCTAGTCATGTTCATCTACGCCATCTTTGGGATGTCCAAC 
TTTGCCTATGTTAAGAGGGAAG 

TTGGGATCGATGACATGTTCAACTTTGAGACCTTTGGCAACAGCATGATCTGCCTAT 
TCCAAATTACAACCTCTGCTGGC 

TGGGATGGATTGCTAGCACCCATTCTCAACAGTAAGCCACCCGACTGTGACCCTAAT 
AAAGTTAACCCTGGAAGCTCAGT 

TAAGGGAGACTGTGGGAACCCATCTGTTGGAATTTTCTTTTTTGTCAGTTACATCATC 
ATATCCTTCCTGGTTGTGGTGA 

ACATGTACATCGCGGTCATCCTGGAGAACTTCAGTGTTGCTACTGAAGAAAGTGCAG 
AGCCTCTGAGTGAGGATGACTTT 

GAGATGTTCTATGAGGTTTGGGAGAAGTTTGATCCCGATGCAACTCAGTTCATGGAA 
TTTGAAAAATTATCTCAGTTTGC 

AGcTGCGCTTGAACCGCCTCTCAATCTGCCACAACCAAACAAACTCCAGCTCATTGC 
CATGGATTTGCCCATGGTGAGTG 

GTGACCGGATCCACTGTCTTGATATCTTATTTGCTTTTACAAAGCGGGTTCTAGGAG 
AGAGTGGAGAGATGGATGCTCTA 

CGAATACAGATGGAAGAGCGATTCATGGCTTCCAATCCTTCCAAGGTCTCCTATCAG 
CCAATCACTACTACTTTAAAACG 

AAAACAAGAGGAAGTATCTGCTGTCATTATTCAGCGTGCTTACAGACGCCACCTTTT 
AAAGCGAACTGTAAAACAAGCTT 

CCTTTACGTACAATAAAAACAAAATCAAAGGTGGGGCTAATCTTCTTATAAAAGAA 
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GACATGATAATTGACAGAATAAAT 

GAAAACTCTATTACAGAAAAAACTGATCTGACCATGTCCACTGCAGCTTGTCCACCT 
TCCTATGACCGGGTGACAAAGCC 

AATTGTGGAAAAACATGAGCAAGAAGGCAAAGATGAAAAAGCCAAAGGGAAATAA 
atgaaaataaataaaaataattggg 

tgacaaattgtttacagcctgtgaaggtgatgtatttttatcaacaggactcctttaggaggtcaatgccaaactgactg 

tttttacacaaatctccttaaggtcagtgcctacaataagacagtgaccccttgtcagcaaactgtgactctgtgtaaag 

gggagatgaccttgacaggaggttactgttctcactaccagctgacactgctgaagataagatgcacaatggctagtcag 

actgtagggaccagtttcaaggggtgcaaacctgtgattttggggttgtttaacatgaaacactttagtgtagtaattgt 

atccactgtttgcatttcaactgccacatttgtcacatttttatggaatctgttagtggattcatctttttgttaatcca 

tgtgtttattatatgtgactatttttgtaaacgaagtttctgttgagaaataggctaaggacctctataacaggtatgcc 

acctggggggtatggcaaccacatggccctcccagctacacaaagtcgtggtttgcatgagggcatgctgcacttagaga 

tcatgcatgagaaaaagtcacaagaaaaacaaattcttaaatttcaccatatttctgggaggggtaattgggtgataagt 

ggaggtgctttgttgatcttgttttgcgaaatccagcccctagaccaagtagattatttgtgggtaggccagtaaatctt 

agcaggtgcaaacttcattcaaatgtttggagtcataaatgttatgtttctttttgttgtattaaaaaaaaaacctgaat 

agtgaatattgcccctcaccctccaccgccagaagactgaattgaccaaaattactctttataaatttctgctttttcct 

gcactttgtttagccatcttcggctctcagcaaggttgacactgtatatgttaatgaaatgctatttattatgtaaatag 

tcattttaccctgtggtgcacgtttgagcaaacaaataatgacctaagcacagtatttattgcatcaaatatgtaccaca 

agaaatgtagagtgcaagctttacacaggtaataaaatgtattctgtaccatttatagatagtttggatgctatcaatgc 

algtttatattaccatgctgctgtatctggtttctctcactgctcagaatctcatttatgagaaaccatatgtcagtggt 

aaagtcaaggaaattgttcaacagatctcatttatttaagtcattaagcaatagtttgcagcactttaacagctttttgg 

ttatttttacattttaagtggataacatatggtatatagccagactgtacagacatgtttaaaaaaacacactgcttaac 

ctattaaatatgtgtttagaattttataagcaaatataaatactgtaaaaagtcactttattttatttttcagcattatg 

tacataaatatgaagaggaaattatcttcaggttgatatcacaatcacttttcttactttctgtccatagtactttttca 

tgaaagaaatttgctaaataagacatgaaaacaagactgggtagttgtagatttctgctttttaaattacatttgctaat 

tttagattatttcacaattttaaggagcaaaataggttcacgattcatatccaaattatgctttgcaattggaaaagggt 

ttaaaattttatttatatttctggtagtacctgcactaactgaattgaaggtagtgcttatgttatttttgttctttttt 

tctgacttcggtttatgttttcatttctttggagtaatgctgctctagattgttctaaatagaatgtgggcttcataatt 

tttttttccacaaaaacagagtagtcaacttatatagtcaattacatcaggacattttgtgtttcttacagaagcaaacc 

ataggctcctcttttccttaaaactacttagataaactgtattcgtgaactgcatgctggaaaatgctactattatgcta 

aataatgctaaccaacatttaaaatgtgcaaaactaataaagattacattttttatttta 
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MEQTVLVPPGPDSFNFFTRESLAAIERRIAEEKAKNPKPDKKDDDENGPKPNSDLEAGK / 
NLPFIYGDIPPEMVSEPLEDL / 
DPYYINKKTFIVLNKGKAIFRFSATSALYILTPFNPLRKIAIKILVHSLFSMLIMCTILTNCV 
FMTMSNPPDWTKNVEYT 

FTGIYTFESLIKIIARGFCLEDFTFLRDPWNWLDFTVITFAYVTEFVDLGNVSALRTFRVL 
RALKTISVIPGLKTIVGAL 

IQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCIQWPPTNASLEEHSIEKNITVNYN 
GTLINETVFEFDWKSYIQD 

SRYHYFLEGFLDALLCGNSSDAGQCPEGYMCVKAGRNPNYGYTSFDTFSWAFLSLFRL 
MTQDFWENLYQLTLRAAGKTYM 

IFFVLVIFLGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQQMIEQLKKQQEAAQQ 
AATATASEHSREPSAAGRLS 

DSSSEASKLSSKSAKERRNRRKKRKQKEQSGGEEKDEDEFQKSESEDSIRRKGFRFSIEG 
NRLTYEKRYSSPHQSLLSIR 

GSLFSPRRNSRTSLFSFRGRAKDVGSENDFADDEHSTFEDNESRRDSLFVPRRHGERRNS 
NLSQTSRSSRMLAVFPANGK 

MHSTVDCNGVVSLVGGPSVPTSPVGQLLPEVIIDKPATDDNGTTTETEMRKRRSSSFHVS 
MDFLEDPSQRQRAMSIASIL 

TNTVEELEESRQKCPPCWYKFSNIFLIWDCSPYWLKVKHVVNLVVMDPFVDLAITICIVL 
NTLFMAMEHYPMTDHFNNVL 

TVGNLVFTGIFTAEMFLKIIAMDPYYYFQEGWNIFDGFIVTLSLVELGLANVEGLSVLRSF 
RLLRVFKLAKSWPTLNMLI 

KIIGNSVGALGNLTLVLAIIVFIFAVVGMQLFGKSYKDCVCKIASDCQLPRWHMNDFFHS 
FLIVFRVLCGEWIETMWDCM 

EVAGQAMCLTVFMMVMVIGNLVVLNLFLALLLSSFSADNLAATDDDNEMNNLQIAVD 
RMHKGVAYVKRKIYEFIQQSFIR 

KQKILDEIKPLDDLNNKKDSCMSNHTAEIGKDLDYLKDVNGTTSGIGTGSSVEKYIIDES 
DYMSFINNPSLTVTVPIAVG 

ESDFENLNTEDFSSESDLEESKEKLNESSSSSEGSTVDIGAPVEEQPVVEPEETLEPEACFT 
EGCVQRFKCCQINVEEGR 

GKQWWNLRRTCFRIVEHNWFETFIVFMILLSSGALAFEDIYIDQRKTIKTMLEYADKVFT 
YIFILEMLLKWVAYGYQTYF 

nSIAWCWLDFLIVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRVVVNA 
LLGAIPSIMNVLLVCLIFWLI 
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FSIMGVNLFAGKFYHCINTTTGDRFDIEDVNNHTDCLKLIERNETARWKNVKWFDNVG 
FGYLSLLQVATFKGWMDIMYA 

AVDSRNVELQPKYEESLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKI^GGQDIFMTE 
EQKKYYNAMKKLGSKKPQ 

KPIPRPGNKFQGMVFDFVTRQVFDISIMILICLNMVTMMVETDDQSEYVTTILSIJUNLVFI 
VLFTGECVLKLISLRHYYF 

TIGWNIFDFVVVILSIVGMFLAELIEKYFVSPTLFRVIRLARJGRILRLIKGAKGIRTLLFAL 
MMSLPALFNIGLLLFLV 

MFIYAIFGMSNFAYVKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSKPPD 
CDPNKVNPGSSVKGDCGNPS 

VGIFFFVSYIIISFLVVVNMYIAVILENFSVATEESAEPLSEDDFEMFYEVWEKFDPDATQF 
MEFEKLSQFAAALEPPLN 

LPQPNKLQLIAMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPS 
KVSYQPITTTLBCRKQEEVSAV 

IIQRAYRRHLLKRTVKQASFTYNKNKIKGGANLLIKEDMIIDRINENSITEKTDLTMSTAA 

CPPSYDRVTKPIVEKHEQE 

GKDEKAKGK. 
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MEQTVLVPPGPDSFNFFTRESLAAIERRIAEEKAKNPKPDKKDDDENGPKPNSD] EAGK 
NLPFIYGDIPPEMVSEPLEDL 

DPYYINKKTFIVLNKGKAIFRFSATSALYILTPFNPLRKIAIKILVHSLFSMLIMCTILTNCV 
FMTMSNPPDWTKNVEYT 

FTGIYTFESLIKIIARGFCLEDFTFLRDPWNWLDFTVITFAFVTEFVNLGNFSALRTFRVLR 
ALKTISVIPGLKTIVGAL 

IQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCIQWPPTNASLEEHSIEKNITVNYN 
GTLINETVFEFDWKSYIQD 

SRYHYFLEGFLDALLCGNSSDAGQCPEGYMCVKAGRNPNYGYTSFDTFSWAFLSLFRL 
MTQDFWENLYQLTLRAAGKTYM 

IFFVLVIFLGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQQMIEQLKKOOEAAOO 
AATATASEHSREPSAAGRLS 

DSSSEASKXSSKSAKERRNRRKKRKQKEQSGGEEKDEDEFQKSESEDSIRRKGFRFSIEG 
NRLTYEKRYSSPHQSLLSIR 

GSLFSPRRNSRTSLFSFRGRAKDVGSENDFADDEHSTFEDNESRRDSLFVPRRHGERRNS 
NLSQTSRSSRMLAVFPANGK 

MHSTYDCNGVVSLVGGPSVPTSPVGQLLPEVIIDKPATDDNGTTTETEMRXRRSSSFHVS 
MDFLEDPSQRQRAMSIASIL 

TNTVEELEESRQKCPPCWYKFSNIFLIWDCSPYWLKVKHVVNLYVMDPFYDLAITICIYL 
NTLFMAMEHYPMTDHFNNYL 

TVGNLYFTGIFTAEMFLKIIAMDPYYYFQEGWNIFDGFIYTLSLVELGLANVEGLSYLRSF 
RLLRYFKLAKSWPTLNMLI 

KIIGNSYGALGNLTLVLAIIYFIFAYYGMQLFGKSYKDCYCKIASDCQLPRWHMNDFFHS 
FLIYFRYLCGEWIETMWDCM 

EYAGQAMCLTYFMMVMYIGNLYYLNLFLALLLSSFSADNLAATDDDNEMNNLQIAYD 
RMHKGYAYYKRKJYEFIQQSFIR 

KQKILDEIKPLDDLNNKKDSCMSNHTAEIGKDLDYLKDVNGTTSGIGTGSSYEKYIIDES 
DYMSFINNPSLTVTYPIAVG 

ESDFENLNTEDFSSESDLEESKEKLNESSSSSEGSTYDIGAPYEEQPVVEPEETLEPEACFT 
EGCVQRFKCCQINYEEGR 

GKQWWNLRRTCFRIVEHNWFETFIYFMILLSSGALAFEDIYIDQRKTIKTMLEYADKYFT 
YIFILEMLLK\YYAYGYQTYF 

TNAWCWLDFLIYDVSLYSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRYYVNA 
LLGAIPSIMNVLLYCLIFWLI 
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FSIMGVNLFAGKFYHCINTTTGDRFDIEDVNNHTDCLKLIERNETARWKNVKVNFDNVG, 
FGYLSLLQVATFKGWMDIMYA 

AVDSRNVELQPKYEESLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTE 
EQKKYYNAMKKLGSKKPQ 

KPIPRPGNKFQGMVFDFVTRQVFDISIMILICLNMVTMMVETDDQSEYVTTILSRINLVFI 
VLFTGECVLKLISLRHYYF 

TIGWNIFDFVVVILSIVGMFLAELIEKYFVSPTLFRVIRLARIGRILRLIKGAKGIRTLLFAL 
MMSLPALFNIGLLLFLV 

MFIYAIFGMSNFAYVKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSKPPD 
CDPNKVNPGSSVKGDCGNPS 

VGIFFFVSYIIISFLVVVNMYIAVILENFSVATEESAEPLSEDDFEMFYEVWEKFDPDATQF 
MEFEKLSQFAAALEPPLN 

LPQPNKLQLIAMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPS 
KVSYQPITTTLKRKQEEVSAV 

IIQRAYRRHLLKRTVKQASFTYNKNKIKGGANLLIKEDMIIDRINENSITEKTDLTMSTAA 
CPPSYDRVTKPIVEKHEQEGKDEKAKGK. 
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a. exon 01 (formerly exon 00) 
ctaaaataatgctaaagtttttcaagtactacttgaaaatagctatatttactttcaaaccttttcctctttg 
aggttcatgatattatatagcaatagggaatgaaagagaagcaaggagaagcaatactgggagattacagagaagaaagg 
aaaaaaggctgagagaaaagaggttgaggaagaaatcataaatctggattgtgagaaagtgtttaatatttagccactag 
atggcgatgtaatgtaaggtgctgtcttgacUilUtUttttUltgaaacaagctatttgctgatttgtattaggta 
ccatagagtgaggcgaggatgaagccgagaagaTACTGCAGAGGTCTCTGGTGCATGTGTGTATGTGT 
GCGTTTGTGTGTGTTTGTGTGTCTGTGTGTTCTGCCCCAGTGAGACTGCAGCCCTTGT 
AAATACTTTGACACCTTTTGCAAGAAGGAATCTGAACAATTGCAACTGAAGGCACAT 
TGTTATCATCTCGTCTTTGGGTGATGCTGTTCCTCACTGCAGATGGATAATTTTCCT 
TTTAATCAGgtaagccatctaattgtttcatcttgattttaagtttattcattccagttattcctttggaaaaagagtcc 
atggaaattcagtttgggcagagcaggaagtccatttttgtatgtgtattcagaccaactgtccccctcctccctctcct 
cctcttcttgtcccctcccccgcgccctcctctctcaaccttccatgaactgaaatcaggtttgttttgcagttcagcat 
tttgatagaagatgggattctttggcctgaaatagcttggcatctggcca 

b. exon 02 (formerly exon 01) 
acatctcttagtcctctcttaaatatctgtattcctmatmagGAATTTCATATGCAGAATAAATGGT^ 
ATGTGCAGGATGACAAGATGGAGCAAACAGTGCTTGTACCACCAGGACCTGACAGC 
TTCAACTTCTTCACCAGAGAATCTCTTGCGGCTATTGAAAGACGCATTGCAGAAGAA 
AAGGCAAAGAATCCCAAACCAGACAAAAAAAGATGACGACGAAAAATGG 
CCCAAAGCAAATAGTGACTTGGAAGCTGGAAAGAACCTTCCATTTATTTATGGAGAC 
ATTCCTCCAGAGATGGTGTCAGAGCCCCTGGAGGACCTGGACCCCTACTATATCAAT 
AAGAAAgtgagtgttttttttatcaggcatattmgctgctaattgcctactgcattccttggactgttgtagcaccaaca 
acaaatctagtatctctgttagaatgaacacattt 

c. exon 03 (formerly exon 02) 
taagaagagatccagtgacagtttgttttcatggggcactttaggaaattgtgattgtgctggtttctcatttaacttta 
caataatttattatgacaagtaacagaaagtagataacagagtttaagtggtttatactttcatacttctatgttgtgtt 
cctgtcttacagACTTTTATAGTATTGAATAAAGGGAAGGCCATCTTCCGGTTCAGTGCCAC 
CTCTGCCCTGTACATTTTAACTCCCTTCAATCCTCTTAGGAAAATAGCTATTAAGATT 
TTGGTACATTCatatcctttttcaagtgattaatattaactatttgtacatgatctgtaagcactttatagctaaatatcaaattaagttggg 
aaatgtccatattatataggtttcatcactctcattttgcatctttgtcatattagcctcattcttaaagttcattaatcacatagacattactgaaacat 
gtactctttaacattttatatat 

d. exon 04 (formerly exon 03) 
tcatatacattacctcatttaatctatacaaatactcagtgaaggtgatattattacccacattttacacatgaagaaat 
tgaaatgtaaggagattagaagacttgcccacaatgcatttatccctgaattttggctaagctgcagtttgggcttttca 
atgttagctttttgtaatataacacttggattttgaltttcttttgtgtgttccttaacaataacctacATTATTCAGCA 
TGCTAATTATGTGCACTATTTTGACAAACTGTGTGTTTATGACAATGAGTAACCCTCC 
TGATTGGACAAAGAATGTAGAgtaagttcaacttatatttttaataacatatatacattygggattytgaaactgtgtcttaat 
gtagtcttaaaataaaactgaagagcattttattaaagtcattcctagacaaaattacgcagcaagaggacaatgctcattggccctcaggcct 
gctggcgttatactgattatcactc 
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e. exon 05 (formerly exon 04) 

gctaaatagatttcatataccttgtatttctcacactactcttaagacactttacgaaacaactctttgtgttaggaagc 

Igaatttaaatttagggctacgtttcatttgtatgaaattaaaatccatctgcttagttttcttttttagtatttatcta 

ttccactgatggagtgataagaaattggtatgctatgaaaaaacactgttactttatcaaattttttggatgcttgtttt 

cagATACACCTTCACAGGAATATATACTTTTGAATCACTTATAAAAATTATTGCAAGG 

GGATTCTGTTTAGAAGATTTTACTTTCCTTCGGGATCCATGGAACTGGCTCGATTTCA 

CTGTCATTACATTTGCgtaagtgcctttbytgaaactttaagagagaacatagtttggttttccatcagtgcttatgcttttaagaat 

aggtttgctttacctgtagaatatttttgtgtgatttatacattcaaactctggatttcaatttagcacaacaaaggtctaagtggaatttcactatagc 
atgaaggctttgcagtagt 

f. exon 06N (formerly exon 05N) 
cttataagcccatgcagtaatataaatcctgctaaaatcttgaataattctgatttaattctacag 

GTTTGTAACAGAATTTGTAAACCTAGGCAATTTTTCAGCTCTTCGCACTTTCAGAGTC 

TTGAGAGCTTTGAAAACTATTTCGGTAATTCCAGgtaagaagtgattagagtaaaggataggctctttgtacc 
tacagctttttctttgtgtcctgtttttgtgtttgtgtgtgaactcccgcttacag 
// 

g. exon 06A (formerly exon 05 A) 
gtaagaagtgattagagtaaaggataggctctttgtacctacagctttttctttgtgtcctgtttttgtgtttgtgtgtg 
aactcccgcttacagGTACGTCACAGAGTTTGTGGACCTGGGCAATGTCTCGGCATTGAGAAC 
ATTCAGAGTTCTCCGAGCATTGAAGACGATTTCAGTCATTCCAGgtgagagcaaggttagataat 

gagacggacccatcatgtgattcagcatccttctctgcttgacattcagttttacagaaaatcaggaatcataagactaggtgttciagaaatg 
attattatgttagacatagcttatcagcctggagtta 

h. exon 07 (formerly exon 06) 

cacgcgtgcttagccctcatagtaatagcctcctaccttcagGCCTGAAAACCATTGTGGGAGCCCTGATCCA 

GTCTGTGAAGAAGCTCTCAGATGTAATGATCCTGACTGTGTTCTGTCTGAGCGTATTT 

GCTCTAATTGGGCTGCAGCTGTTCATGGGCAACCTGAGGAATAAATGTATACAATGG 

CCTCCCACCAATGCTTCCTTGGAGGAACATAGTATAGAAAAGAATATAACTG 

TGAATTATAATGGTACACTTATAAATGAAACTGTCTTTGAGTTTGACTGGAAGTCAT 

ATATTCAAGATTCAAgtaagaattattgttatgtacatttccttaaaaagtagaattggattgtttgtaacacaaaggataaatactt 
gaggggctggatatcccattttac 

i. exon 08 (formerly exon 07) 

cgcgcaaatacttgtgcctttgaatgaataatatatttaaaattactcaataaacttaaaagtagaacctgaccttcctg 

ttctctttgagtgtttttaacaatgcaaatgttcagcatacgactttcttttttcaaacagGATATCATTATTTCCTGGA 

GGGTTTTTTAGATGCACTACTATGTGGAAATAGCTCTGATGCAGGgtaagtcaatattgtgtgcat 
ctgtgtatattgtatgtacacaatacatatgtgtatcttt 
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- A/e: 
j. exon 09 (formerly exon 08) 

aggtgttgaaaatgcaaattatcaacaaaaattattttgtaaaatattattagaaatgctgcaccatattttaatgatga 

caccaagtagctaataagactatatgcagtcaaaagttgggaaatagattagttacttatttgtcaaacttttattttga 

aataccaaatctttctgactaggcaatatcatagcatagtatcagagtaaaaaggcagcagaacgacttgtaatactttc 

ttttaccccacttgcagCCAATGTCCAGAGGGATATATGTGTGTGACAGCTGGTAGAAATCCCA 

ATTATGGCTACACAAGCTTTGATACCTTCAGTTGGGCTTTTTTGTCCTTGTTTCGACTa 

ATGACTCAGGACTTCTGGGAAAATCTTTATCAACTGgtgagaactaaagagccacactctccatttaagta 

aaagtatacaagaaaaccaattgagttatgaaattaaaaccggatgataatatagtagaaagagcagaacttgacacgagacttgagttcctct 

atcctattgattataacacatactgagcagagtgatgccaaggattgcaattctctcccatttcttcttggctcaa 

k. exon 1 0 (formerly exon 09) 
ttatatctgagttttgctagccacatgagtaaattgaaagttgagcacccttagtgaataatattgggaaataattctga 
tatttttgtttgcagACATTACGTGCTGCTGGGAAAACGTACATGATATTTTTTGTATTGGTCAT 
TtTCTTGGGCTCATTCTACCTAATAAATTTGATCCTGGCTGTGGTGGCCATGGCcTACG 
AGGAACAGAATCAGGCCACCTTGGAAGAAGCAGAACAGAAAGAGGCCGAATTTCA 
GCAGATGATTGAACAGCTTAAAAAGCAACAGGAGGCAGCTCAGgtaagctgccctgctcat 
ggcactgacctttatcgtctgatgtactatatgagagaagtagtctagagcgtgtgat 

1. exon 11 (formerly exon 10a) 
caaccctaattaaataccaatttttaaagtaaatcaaatcccaaaaagtaatgaatttattttcttgttgatacatgttg 
gatatttttgaatacgtggtctgtggagcattaacagagacataataaatgttaccatggagcaaactaaattatctcca 
aaagccttcattaggtagaaagaaaaaaaaaatctcctcttatacttgcagagaatcttctctgtgagatgatcttcagt 
cagttcaatatattttttaaaagccatgcaaatacttcagccctttcaaagaaagatacagtctcttcaggtgctatgtt 
aaaatcatttctcttcaatatagCAGGCAGCAACGGCAACTGCCTCAGAACATTCCAGAGAGCCCA 
GTGCAGCAGGCAGGCTCTCAGACAGCTCATCTGAAGCCTCTAAGTTGAGTTCCAAGA 
GTGCTAAGGAAAGAAGAAATCGGAGGAAGAAAAGAAAACAGAAAGAGCAGTCTGG 
TGGGGAAGAGAAAGATGAGGATGAATTCCAAAAATCTGAATCTGAGGACAGCATCA 
GGAGGWAAGGTTTTCGCTTCTCCATTGAAGGGAACCGGTTGACATATGAAAAGAGG 
TACTCCTCCCCACACCAGgtatggcactgctgagtttactgatgcatggttgaaaattaaaacatgggagagagggggaga 
tttagaaaatggactcaggaatttttatcaactgaatcaaccactgttgtgttatatttaaacccatcccttcttcacatagttatgcaaaaactttact 
ccacagatatgtaagtctacagctcggtgtagttaagataacaccaagttgaca 
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m. exon 12 (formerly exon 10b) 
cattgccatattctaaggatgtttccctttgaacttgagaaatggtcgttcagggtgtgtgtgtatgtgtgtgtgtgtgt 
gtttcaatatgttaaggttgcaatctatctcctcattctttaatcccaagggctagaaactttcttttatcaaggtaatt 
taatttaatgtgaatgcacataaaatgagaatgataatcaaaaggaatgaaccatattctgttatgaatgctgaaatctc 
cttctacataatcttgcaaaatgaaatcacattcaaatgtccatattaatatgactctatttgtbtgctctttcaaactt 
ctagTCTTTGTTGAGCATCCGTGGCTCCCTATTTTCACCAAGGCGAAATAGCAGAACAA 
GCCTTTTCAGCTTTAGAGGGCGAGCAAAGGATGTGGGATCTGAGAACGACTTCGCA 
GATGATGAGCACAGCACCTTTGAGGATAACGAGAGCCGTAGAGATTCCTTGTTTGTG 
CCCCGACGACACGGAGAGAGACGCAACAGCAACCTGAGTCAGACCAGTAGGTCATC 
CCGGATGCTGGCAGTGTTTCCAGCGAATGGGAAGATGCACAGCACTGTGGATTGCA 
ATGGTGTGGGTTCCTTGGTTGGTGGACCTTCAGTTCCTACATCGCCTGTTGGACAGCT 
TCTGCCAGAGGTGATAATAGATAAGCCAGCTACTGATGACAATgtaaggaagtyttaa 
atagttcaggcatggctggctcactattgctgcaccagccagtgtgtctacagaacggcaaccttgagaatgattcctgg 
ttggtcacgctgtgaatgcacctgcatcttgtaatatctttgatagactaaccaactaaaacttaaaaccttagcagtcg 
cctgcacaaacctgaatgcatttacttattaaaagtgctaaggattgattagacacaataattactgcctccagttggag 
gattt 

n. exon 13 (formerly exon 10c) 
aagagttttatcaactatattaaaattattttgtattttataaaattatgaaatcaggaagttaacatcttggtttttgc 
tgtatgactaaatggttaacagtttgaacattccaggctaatgatacaataagtcagaaatatctgccatcaccaattga 
atatgaaagtgcatgatgcatgtgtttcatgaaattcactgtgtcaccatttggttgtttgcttgtcatattgctcaaat 
taattgtttaatgcattagcatttttttttacagGGAACAACCACTGAAACTGAAATGAGAAAGAGAAGGTC 
AAGTTCTTTCCACGTTTCCATGGACTTTCTAGAAGATCCTTCCCAAAGGCAACGAGC 
AATGAGTATAGCCAGCATTCTAACAAATACAGTAGAAGgttggtaacaaattctattttcgtttcaattattt 
tcaccaaacttatattgtctcatttcaaacaaatatatttgtgagttgggaatagtgcattctaatgaaaagacagtctaattcaagagctgttatttc 
ttatatctactcagatattctagaagccttaacaatttattttaaaatgagtgatattgggactaagactgttttcctaactgtgtagcaactctttga 
a 

o. exon 14 (formerly exon 1 1) 
gtgaggcggcacatgaaagaccacccatttaacctgaggccaagtgctgagccacaatggcagtgcataagacaaaaaac 
tacccattgttacctgggccctatgtgtgtgtctgatgaaataaccttgggaggtttagagtaaactgtaatttttttaa 
caagtacaaaaaagggtgtctctgtaacaaaaatgtgttgattactgaaaataagtttagtggatatgaaataaatgtgt 
gtgtataaagtawaccttttggtgggtcttttttttttttttcttaatctagAACTTGAAGAATCCAGGCAGAAATGcCC 
ACCCTGTTGGTATAAATTTTCCAACATATTCTTAATCTGGGACTGTTCTCCATATTGG 
TTAAAAGTGAAACATGTTGTCAACCTGGTTGTGATGGACCCATTTGTTGACCTGGCC 
ATCACCATCTGTATTGTCTTAAATACTCTTTTCATGGCCATGGAGCACTATCCAATGA 
CGGACCATTTCAATAATGTGCTTACAGTAGGAAACTTGgtaagcatattggaaggtaaatgtgttta 
gtcttcaaattttctgcttgaaaaactgtttacatttaattgtgtatagcagtctttcaaccatccttcatgcttcctgg 
cccctgcaaaatcgcaattatatttagctggctatactctacttttttgccaaaaataatcacccttaatgtgctcacaa 
aaactgagaaaggcataggcctacagcactacttgaaaagtcaacagcaatatttataatttttcaggatccagaagtag 
ctcatagattaagaacat 
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p. exon 15 (formerly exon 12) 
caagccatttcacccatctgaagacctcagtttccttatctgtaaagtaataattgtatattatctacttcgcgtttcca 
caaggataaaattaaataatgtatatgawagtctttcatcaactacaaattgccatacaaatttaagttagtaatagaat 
cattgtgggaaaatagcataagcattatgttctaagagcaaatcttatgtcatgtatgttattatctggtggaattagat 
taattttgttttgatcttagGTTTTCACTGGGATCTTTACAGCAGAAATGTTTCTGAAAATTATTGC 
CATGGATCCTTACTATTATTTCCAAGAAGGCTGGAATATCTTTGACGGTTTTATTGTG 
ACGCTTAGCCTGGTAGAACTTGGACTCGCCAATGTGGAAGGGTTATCTGTTCTCCGT 
TCATTTCGATTGgtaaaaaaaaaaaaaaaaggaaccaaattcaaaaacctttctaaca 
ttcagggttcttgcatagcattgtcatagtttttttgccacacaaccattaggcattgtaagtttttctgtaacatttgc 
attgtcaaaaacttttcctacatgggaataattctcaattattaggttaccttagttcaagggcwaggtcggaaaggtaa 
cggtt 

q. exon 16 (formerly exon 13) 
gaattctaatgaccatttctaggtaaagctcaatatatataatgcttttaagaatcatacaaatatatattaatctttca 
ttttccagCTGCGAGATTTCAAGTTGGCAAAATCTTGGCCAACGTTAAATATGCTAATAAA 
GATCATCGGCAATTCCGTGGGGGCTCTGGGAAATTTAACCCTCGTCTTGGCCATCAT 
CGTCTTCATTTTTGCCGTGGTCGGCATGCAGCTCTTTGGTAAAAGCTACAAAGATTGT 
GTCTGCAAGATCGCCAGTGATTGTCAACTCCCACGCTGGCACATGAATGACTTCTTC 
CACTCCKHCCTGATTGTGTTCCGCGTGCTGTGTGGGGAGTGGATAGAGACCATGTGG 
GACTGTATGGAGGTTGCTGGTCAAGCCATGTGCCTTACTGTCTTCATGATGGTCATG 
GTGATTGGAAACCTAGCGgtatgtacccacttaagatatgcattttggaaata 
caccagcatggcacatgtatacatatgtaactaacctgcacattgtgcacatgtaccctaaaacttaaagtataataaaa 
aaaaagagtataatttaatggtgactgttttgtcaaaaagaaaaacaaactatgattattggtttaaaagtccattacct 
tggatatattatcactttaacaacacagcaatatabcagtgcccctgcattttttataccaaattctattttgtcagtca 
ctttatcacattttttatgtgaattacaatagagtatcatattgagatgagcctaaaaggatgtgctgggaccattttat 
aaattcagagccaaggaagagagaagtct 

2^2- 

r. exon 1 7 (formerly exon 1 4) 
gaattctcgtattgtacacatataaatctgttttcttctactcatacaattttagagttaacaaaaccttagattagctc 
attcaatttcactttacgaatgggagaacttgagagcaacagaaatcatgtctttgtccaaggatgtgctattgagccag 
tcacaaattcagatcacccatcttctaatcactatgctgtggtgtttccttctcatcaagttttagaacttagagttttt 
tccacacttaaaagaaagaataagtgattgtaatctgctcttccctacattggtgtaaaattataatcatgtttttgttg 
tmtaagGTCCTGAATCTCTTTCTGGCCTTGCTTCTGAGCTCATTTAGTGCAGACAACCTT 
GCAGCCACTGATGATGATAATGAAATGAATAATCTCCAAATTGCTGTGGATAGGATG 
CACAAAGGAGTAGCTTATGTGAAAAGAAAAATATATGARTTTATTCAACAGTCCTTC 
ATTAGGAAACAAAAGATTTTAGATGAAATTAAACCACTTGATGATCTAAACAACAA 
GAAAGACAGTTGTATGTCCAATCATACAGCAGAAATTGGGAAAGATCTTGACTATCT 
TAAAGATGTAAATGGAACTACAAGTGGTATAGGAACTGGCAGCAGTGTTGAAAAAT 
ACATTATTGATGAAAGTGATTACATGTCATTCATAAACAACCCCAGTCTTACTGT 
GACTGTACCAATTGCTGTAGGAGAATCTGACTTTGAaAATTTAaACACGGAAGACTTT 
AGTAGTGAATCGGATCTGGAAGAaAGCAAAGAGgtaagattctataggtgtgggtaggtatgaatacatatac 
atatatacatatacacacatacagatgaycctcagcttaatgatgtttttacttaaga 
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s. exon 18 (formerly exon 15) 
aagcttacattgtgaattatggtaaaagggttagcacagacaatgattttcttatttcttccccttattcaatctctctt 
tttctctaaaaatatctctacctcaagaagaataaaaaacaaattcatagtaataatccttcttggcaggcaacttatta 
ccaaaattaaggactttactttctatgtccatctcacttacagAAACTGAATGAAAGCAGTAGCTCATCAGAAGG 
TAGCACTGTGGACATCGGCGCACCTGTAGAAGAACAGCCCGTAGTGGAACCTGAAG 
AAACTCTTGAAcccgAAGCTTGTTTCACTGAAGgtaaagaaaagaatcctaatgttaatctttcatttggagtgca 
gcttatttagctgttggtcagctaanataaatcacatataataaaatngcactttgtaatagatataattcaatcacctctaatatnttgacagacaa 
aaaaacttaaagtctagtgtcatgctttgattatatctgcccaatatntgg 

t. exon 19 (formerly exon 16) 
ccatttaaatgtggctgaatgtttccacaacttcacacagctgatgaatgtgctcttactactctaggcttagagagcta 
tgctagcaagacagagatgagcatagtaataaaaagacaagacaaggacattgctaaaggatattatggaagcagagaca 
ctttatctacttttatttcaacactttctgcagGCTGTGTACAAAGATTCAAGTGTTGTCAAATCAATGTGG 
AAGAAGGCAGAGGAAAACAATGGTGGAACCTGAGAAGGACGTGTTTCCGAATAGTT 
GAACATAACTGGTTTGAGACCTTCATTGTTTTCATGATTCTCCTTAGTAGTGGTGCTC 
TGgtgagtgagattaagaaaaggtgatacagcactaatttttagaacactctaatactgatgacttattaatccmgmcattgtcttagt^^ 
atgcatttttaattatcccaccttgtatcttctatagamactctataactctatamctggattaactmactatgtatgtaaatataattttaagaagc 
taatcattaatttttgcttactattaaatagcccagaaagtgtagcccttcagcttattcattaacaccaaaggatgtgaatattcaattac 

H 

u. exon 20 (formerly exon 1 7) 
ccacatcaggatacaacatcaagaactatttcctgactaagtcaaattaattcattggaatcatacttttctttttcttc 
caccaatagtctttcccctgattaaataagtaaaagacctttgcgaggaaaaaaaaaaagtaacagtaactactgtttct 
ctgccctcctattccaatgaaatgtcatatgcatatgattaattttttaaatagcttatggagtataattatttttgaaa 
gctaataatgtgtaacattttctttatagGCATTTGAAGATATATATATTGAYCAGCGAAAGACGATTA 
AGACGATGTTGGAATATGCTGACAAGGTTTTCACTTACATTTTCATTCTGGA^lATGCT 
TCTAAAATGGGTGGCATATGGCTATCAAACATATTTCACCAATGCCTGGAGTTGGCT 
GGACTTCTTAATTGTTGATgtaggtatcgttcatatttttgtctctgttcaaggtagcttgtcttatttatattcaaattctacaatag 
tgagtctcagaccactatgttatgttgacagactataatarccactaaacgcatatatgcaatgagagtgtcatttctggaagacaagggctaa 

V, exon 2 1 (formerly exon 1 8) 
aaaaattatacttgtcgtattatatagcaactacacattgaatgatgattctgtttattaattgttattattcytgtgtg 
tgcagGTTTCATTGGTCAGTTTAACAGCAAATGCCTTGGGTTACTCAGAACTTGGAGCC 
TATCAaTCTCTCAGGACACTAAGAGCTCTGAGACCTCTAAGAGCCTTATCTCGATTTG 
AAGGGATGAGGgtaagaaaaatgaaagaacctgaagtattgtatatagccaaaattaaactaaattaaatttagaaaaaaggaaaa 
atgtatgcatgcaaaaggaatggcaaattcttgcaaaatgctctttattgttt 
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w, exon 22 (formerly exon 1 9) 
cttggttatattgcctatagttgttttcctaagtgtattgcttaagaaaaaaaaatgaattttaagatttttttgaacct 
tgcttttacatatcctagaataaatagcattgatagaaaaaaagaatggaaagaccagagattactaggggaattttttt 
tctttattaacagataagaattctgacttttctttttttccatttgtgtattagGTGGTTGTGAATGCCCTTTTAGGAGC 
AATTCCATCCATCATGAATGTGCTTCTGGTTTGTCTTATATTCTGGCTAATTTTCAGC 
ATCATGGGCGTAAATTTGTTTGCTGGCAAATTCTACCACTGTATTAACACCACAACT 
GGTGACAGGTTTGACATCGAAGACGTGAATAATCATACTGATTGCCTAAAACTAATA 
GAAAGAAATGAGACTGCTCGATGGAAAAATGTGAAAGTAAACTTTGATAATGTAGG 
ATTTGGGTATCTCTCTTTGCTTCAAGTTgtaagtgaacactattttctctgaatatttttattgtttggaataataacaaa 
ataatgacatacatctattatttagttcctaagaaaaagtatatatttctttctatttaaaaaatttcaatttgttagtacaagtttatga 
gcccagatgggtgaaaactttattacatgtaaggact 

n 

X. exon 23 (formerly exon 20) 
aatggccattttgttcaatatgtgttctagaaatgaaaagccatactaaaatactgtcttggtccaaaatctgtgtaaaa 
tttgttttgaaatgtctttcaaaaatattcccttttgaaaattatatcagtaagaatatttattaaacatcaggtctaaa 
ttatttttactccaaagtaaaacatgcatgtccttcttaatagGCCACATTCAAAGGATGGATGGATATAATGTA 
TGCAGCAGTTGATTCCAGAAATgtaagtattccttgtattctaagtctttttacaatattgatcaggtggtaaaattaatcgaa 
taaagcataaacgaccaaatgaaatgattctatcttgatttaaaatatttgggaaaaagtgtgacaggtaaatattcaagc 
atagcaatgtttatcagaaagatcttactaagataattcaacacatgaattattttg 

y, exon 24 (formerly exon 21) 
cagaaaaaaaaaaaatgctgacatattagtaagaataattttntctattgttatgaaaaagcaccagtgacgatttccag 
cactaaaatgtatggtaatattttacaaaatattcccctttggtagGTGGAACTCCAGCCTAAGTATGAAG'AAAGT 
CTGTACATGTATCTTTACTTTGTTATTTTCATCATCTTTGGGTCCTTCTTCACCTTGAA 
CCTGTTTATTGGTGTCATCATAGATAATTTCAACCAGCAGAAAAAGAAGataagtatttctaat 
attttctctcccactgagatagaaaaattattccttggagtgttttctctgccaaatgagtacttgaatttagaacaaatgggagtatatattataactg 

z. exon 25 (formerly exon 22) 
gtcattttgaattatttagggaattaaaatattatcatacctaaagagtacaattttttttacattttaaatcccagata 
taattatactaatcagttgaattttgtatttctttttttagccatccattttctattttaacattgaaaaaaatgtacaaa 
aggacacagttttaaccagtttgatttttcttttctatacTTTGGAGGTCAAGACATCTTTATGACAGAAGAACA 
GAAGAAATACTATAATGCAATGAAAAAATTAGGATCGAAAAAACCGC^W^.GCCTA 
TACCTCGACCAGGAgtaagaagtatcaaatgatatgggggaaaatacaaaaacaaaaactgcatgcttgtctcacaaaaaaga 
aaagtaagctaaacattt 
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aa. exon 26 (formerly exon 23) 
ttttaacaattaattatgctataaattcattcttacaaaaatcatttggaatgactactttgcaagaaactagaaagtca 
attaatgcagaaagtacttaatgctaatgcacatgagaaaaactcctttgttgttaaaagcatttctatttctctacagA 

acaaatttcaaggaatggtctttgacttcgtaaccagacaagtttttgacataAgca 
tcatgattctcatctgtcttaacatggtcacaatgatggtggaaacagatgaccaga 
gtgaatatgtgactaccattttgtcacgcatcaatctggtgttcattgtgctatttac 
tggagagtgtgtactgaaactcatctctctacgccattattattttaccattggatgg 

AATATTTTTGATTTTGTGGTTGTCATTCTCTCCATTGTAGgtaagaaatatttaaagttcttaaattcagtta 
aataaaagtgaaagctgaaacaatcaagattagattcaagatcatcccagcaatcagagataatcactgtaaatat 

ab. exon 27 (formerly exon 24) 
agtatatattatatatagttgtcatatttaatataactgggttcaggactctgaaccttaccttggagctttagaagaaa 
catatgtttattttaacgcatgatttcttcactggttggtattctcattgtttattcatagGTATGTTTCTTGCCGAGCT 
GATAGAAAAGTATTTCGTGTCCCCTACCCTGTTCCGAGTGATCCGTCTTGCTAGGATT 
GGCCGAATCCTACGTCTGATCAAAGGAGCAAAGGGGATCCGCACGCTGCTCTTTGCT 
TTGATGATGTCCCTTCCTGCGTTGTTTAACATCGGCCTCCTACTCTTCCTAGTCATGTT 
CATCTACGCCATCTTTGGGATGTCCAACTTTGCCTATGTTAAGAGGGAAGTTGGGAT 
CGATGACATGTTCAACTTTGAGACCTTTGGCAACAGCATGATCTGCCTATTCCAAAT 
TACAACCTCTGCTGGCTGGGATGGATTGCTAGCACCCATTCTCAACAGTAAGCCACC 
CGACTGTGACCCTAATAAAGTTAACCCTGGAAGCTCAGTTAAGGGAGACTGTGGG 
AACCCATCTGTTGGAATTTTCTTTTTTGTCAGTTACATCATCATATCCTTCCTGGTTGT 
GGTGAACATGTACATCGCGGTCATCCTGGAGAACTTCAGTGTTGCTACTGAA.GAAAG 
TGCAGAGCCTCTGAGTGAGGATGACTTTGAGATGTTCTATGAGGTTTGGGAGAAGTT 
TGATCCCGATGCAACTCAGTTCATGGAATTTGAAAAATTATCTCAGTTTGCAGTGCG 
CTTGAACCGCCTCTCAATCTGCCACAACCAAACAAACTCCAGCTCATTGCCATGGAT 
TTGCCCATGGTGAGTGGTGACCGGATCCACTGTCTTGATATCTTATTTGCTTTTACAA 
AGCGGGTTCTAGGAGAGAGTGGAGAGATGGATGCTCTACGAATACAGATGGAAGA 
GCGATTCATGGCTTCCAATCCTTCCAAGGTCTCCTATCAGCCAATCACTACTACTTTA 
AAACGAAAACAAGAGGAAGTATCTGCTGTCATTATTCAGCGTGCTTACAGACGCCA 
CCTTTTAAAGCGAACTGTAAAACAAGCTTCCTTTACGTACAATAAAAACAAAATCAA 
AGGTGGGGCTAATCTTCTTATAAAAGAAGACATGATAATTGACAGAATAAATGAAA 
ACTCTATTACAGAAAAAACTGATCTGACCATGTCCACTGCAGCTTGTCCACCTTCCT 
ATGACCGGGTGACAAAGCCAATTGTGGAAAAACATGAGCAAGAAGGCAAAGATGA 
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AAAAGCCAAAGGGAAATAAATGAAAATAAATAAAAATAATTGGGTGACAAATTGTT 

TACAGCCTGTGAAGGTGATGTATTTTTATCAACAGGACTCCTTTAGGAGGTCAATGC ' 

CAAACTGACTGTTTTTACACAAATCTCCTTAAGGTCAGTGCCTACAATAAGACAGTG 

ACCCCTTGTCAGCAAACTGTGACTCTGTGTAAAGGGGAGATGACCTTGACAGaAGG 

TTACTGTTCTCACTACCAGCTGACACTGCTGAAGATAAGATGCACAATGGCTAGTCA 

GACTGTAGGGACCAGTTTCAAGGGGTGCAAACCTGTGATTTTGGGGTTGTTTAACAT 

GAAACACTTTAGTGTAGTAATTGTATCCACTGTTTGCATTTCAACTGCCACATTTGTC 

ACATTTTTATGGAATCTGTTAGTGGATTCATCTTTTTGTTAATCCATGTGTTTATTATA 

TGTGACTATTTTTGTAAACGAAGTTTCTGTTGAGAAATAGGCTAAGGACCTCTATAA 

CAGGTATGCCACCTGGGGGGTATGGCAACCACATGGCCCTCCCAGCTACACAAAGT 

CGTGGTTTGCATGAGGGCATGCTGCACTTAGAGATCATGCATGAGAAAAAGTCACA 

AGAAAAACAAATTCTTAAATTTCACCATATTTCTGGGAGGGGTAATTGGGTGATAAG 

TGGAGGTGCTTTGTTGATCTTGTTTTGCGAAATCCAGCCCCTAGACCAAGTAGATTA 

TTTGTGGGTAGGCCAGTAAATCTTAGCAGGTGCAAACTTCATTCAAATGTTTGGAGT 

CATAAATGTTATGTTTCTTTTTGTTGTATTAAAAAAAAAACCTGAATAGTGAATATTG 

CCCCTCACCCTCCACCGCCAGAAGACTGAATTGACCAAAATTACTCTTTATAAATTT 

CTGCTTTTTCCTGCACTTTGTTTAGCCATCTTCGGCTCTCAGCAAGGTTGACACTGTA 

TATGTTAATGAAATGCTATTTATTATGTAAATAGTCATTTTACCCTGTGGTGCACGTT 

TGAGCAAACAAATAATGACCTAAGCACAGTATTTATTGCATCAAATATGTACCACAA 

GAAATGTAGAGTGCAAGCTTTACACAGGTAATAAAATGTATTCTGTACCATTTATAG 

ATAGTTTGGATGCTATCAATGCATGTTTATATTACCATGCTGCTGTATCTGGTTTCTC 

TCACTGCTCAGAATCTCATTTATGAGAAACCATATGTCAGTGGTAAAGTCAA.GGAAA 

TTGTTCAACAGATCTCATTTATTTAAGTCATTAAGCAATAGTTTGCAGCACTTTAACA 

GCTTTTTGGTTATTTTTACATTTTAAGTGGATAACATATGGTATATAGCCAGACTGTA 

CAGACATGTTTAAAAAAACACACTGCTTAACCTATTAAATATGTGTTTAGAATTTTA 

TAAGCAAATATAAATACTGTAAAAAGTCACTTTATTTTATTTTTCAGCATTATGTACA 

TAAATATGAAGAGGAAATTATCTTCAGGTTGATATCACAATCACTTTTCTTACTTTCT 

GTCCATAGTACTTTTTCATGAAAGAAATTTGCTAAATAAGACATGAAAACAAGACTG 

GGTAGTTGTAGATTTCTGCTTTTTAAATTACATTTGCTAATTTTAGATTATTTCACAA 

TTTTAAGGAGCAAAATAGGTTCACGATTCATATCCAAATTATGCTTTGCAATTGGAA 

AAGGGTTTAAAATTTTATTTATATTTCTGGTAGTACCTGCACTAACTGAATTGAAGGT 

AGTGCTTATGTTATTTTTGTTCTTTTTTTCTGACTTCGGTTTATGTTTTCATTTCTTTGG 

AGTAATGCTGCTCTAGATTGTTCTAAATAGAATGTGGGCTTCATAATTTTTTTTTCCA 

CAAAAACAGAGTAGTCAACTTATATAGTCAATTACATCAGGACATTTTGTGTTTCTT 

ACAGAAGCAAACCATAGGCTCCTCTTTTCCTTAAAACTACTTAGATAAACTGTATTC 

GTGAACTGCATGCTGGAAAATGCTACTATTATGCTAAATAATGCTAACCAACATTTA 

AAATGTGCAAAACTAATAAAGATTACATTTTTTATTTTA 
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ttcttggtgccagcttatcaatcccaaactctgggtgtaaaagattctacagggcactttcttatgcaaggagctaaaca 

gtgattaaaggagcaggatgaaaagATGGCACAGTCAGTGCTGGTACCGCCAGGACCTGACAGCTT- 

CCGCTTCTTTACCA 

GGGAATCCCTTGCTGCTATTGAACAACGCATTGCAGAAGAGAAAGCTAAGAGACCC 
AAACAGGAACGCAAGGATGAGGAT 

GATGAAAATGGCCCAAAGCCAAACAGTGACTTGGAAGCAGGAAAATCTCTTCCATT 
TATTTATGGAGACATTCCTCCAGA 

GATGGTGTCAGTGCCCCTGGAGGATCTGGACCCCTACTATATCAATAAGAA/iACGTT 
TATAGTATTGAATAAAGGGAAAG 

CAATCTCTCGATTCAGTGCCACCCCTGCCCTTTACATTTTAACTCCCTTCAACCCTAT 
TAGAAAATTAGCTATTAAGATT 

TTGGTACATTCTTTATTCAATATGCTCATTATGTGCACGATTCTTACCAACTGTGTAT 
TTATGACCATGAGTAACCCTCC 

AGACTGGACAAAGAATGTGGAGTATACCTTTACAGGAATTTATACTTTTGAATCACT 
TATTAAAATACTTGCAAGGGGCT 

TTTGTTTAGAAGATTTCACATTTTTACGGGATCCATGGAATTGGTTGGATTTCACAGT 
CATTACTTTTGCATATGTGACA 

GAGTTTGTGGACCTGGGCAATGTCTCAGCGTTGAGAACATTCAGAGTTCTCCGAGCA 
TTGAAAACAATTTCAGTCATTCC 

AGGCCTGAAGACCATTGTGGGGGCCCTGATCCAGTCAGTGAAGAAGCTTTCTGATGT 
CATGATCTTGACTGTGTTCTGTC 

TAAGCGTGTTTGCGCTAATAGGATTGCAGTTGTTCATGGGCAACCTACGAAATAAAT 
GTTTGCAATGGCCTCCAGATAAT 

TCTTCCTTTGAAATAAATATCACTTCCTTCTTTAACAATTCATTGGATGGGAA.TGGTA 
CTACTTTCAATAGGACAGTGAG 

CATATTTAACTGGGATGAATATATTGAGGATAAAAGTCACTTTTATTTTTTAGAGGG 
GCAAAATGATGCTCTGCTTTGTG 

GCAACAGCTCAGATGCAGGCCAGTGTCCTGAAGGATACATCTGTGTGAAGGCTGGT 
AGAAACCCCAACTATGGCTACACG 

AGCTTTGACACCTTTAGTTGGGCCTTTTTGTCCTTATTTCGTCTCATGACTCAAGACT 
TCTGGGAAAACCTTTATCAACT 

GACACTACGTGCTGCTGGGAAAACGTACATGATATTTTTTGTGCTGGTCATTTTCTTG 
GGCTCATTCTATCTAATAAATT 

TGATCTTGGCTGTGGTGGCCATGGCCTATGAGGAACAGAATCAGGCCACATTGGAA 
GAGGCTGAACAGAAGGAAGCTGAA 

TTTCAGCAGATGCTCGAACAGTTGAAAAAGCAACAAGAAGAAGCTCAGGCGGCAGC 
TGCAGCCGCATCTGCTGAATCAAG 
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AGACTTCAGTGGTGCTGGTGGGATAGGAGTTTTTTCAGAGAGTTCTTCAGTAGCATC 
TAAGTTGAGCTCCAAAAGTGAAA 

AAGAGCTGAAAAACAGAAGAAAGAAAAAGAAACAGAAAGAACAGTCTGGAGAAG 
AAGAGAAAAATGACAGAGTCCTAAAA 

TCGGAATCTGAAGACAGCATAAGAAGAAAAGGTTTCCGTTTTTCCTTGGAAGGAAGT 
AGGCTGACATATGAAAAGAGATT 

TTCTTCTCCACACCAGTCCTTACTGAGCATCCGTGGCTCCCTTTTCTCTCCA/.GACGC 
AACAGTAGGGCGAGCCTTTTCA 

GCTTCAGAGGTCGAGCAAAGGACATTGGCTCTGAGAATGACTTTGCTGATGATGAGC 
ACAGCACCTTTGAGGACAATGAC 

AGCCGAAGAGACTCTCTGTTCGTGCCGCACAGACATGGAGAACGGCGCCACAGCAA 
TGTCAGCCAGGCCAGCCGTGCCTC 

CAGGGTGCTCCCCATCCTGCCCATGAATGGGAAGATGCATAGCGCTGTGGACTGCA 
ATGGTGTGGTCTCCCTGGTCGGGG 

GCCCTTCTACCCTCACATCTGCTGGGCAGCTCCTACCAGAGGGCACAACTACTGAAA 
CAGAAATAAGAAAGAGACGGTCC 

AGTTCTTATCATGTTTCCATGGATTTATTGGAAGATCCTACATCAAGGCAAAGAGCA 
ATGAGTATAGCCAGTATTTTGAC 

CAACACCATGGAAGAACTTGAAGAATCCAGACAGAAATGCCCACCATGCTGGTATA 
AATTTGCTAATATGTGTTTGATTT 

GGGACTGTTGTAAACCATGGTTAAAGGTGAAACACCTTGTCAACCTGGTTGTAATGG 
ACCCATTTGTTGACCTGGCCATC 

ACCATCTGCATTGTCTTAAATACACTCTTCATGGCTATGGAGCACTATCCCATGACG 
GAGCAGTTCAGCAGTGTACTGTC 

TGTTGGAAACCTGGTCTTCACAGGGATCTTCACAGCAGAAATGTTTCTCAAGATAAT 
TGCCATGGATCCATATTATTACT 

TTCAAGAAGGCTGGAATATTTTTGATGGTTTTATTGTGAGCCTTAGTTTAATGGAACT 
TGGTTTGGCAAATGTGGAAGGA 

TTGTCAGTTCTCCGATCATTCCGGCTGCTCCGAGTTTTCAAGTTGGCAAAATCTTGGC 
CAACTCTAAATATGCTAATTAA 

GATCATTGGCAATTCTGTGGGGGCTCTAGGAAACCTCACCTTGGTATTGGCCATCAT 
CGTCTTCATTTTTGCTGTGGTCG 

GCATGCAGCTCTTTGGTAAGAGCTACAAAGAATGTGTCTGCAAGATTTCCAATGATT 
GTGAACTCCCACGCTGGCACATG 

CATGACTTTTTCCACTCCTTCCTGATCGTGTTCCGCGTGCTGTGTGGAGAGTGGATAG 
AGACCATGTGGGACTGTATGGA 

GGTCGCTGGCCAAACCATGTGCCTTACTGTCTTCATGATGGTCATGGTGATTGGAAA 
TCTAGTGGTTCTGAACCTCTTCT 
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TGGCCTTGCTTTTGAGTTCCTTCAGTTCTGACAATCTTGCTGCCACTGATGATGATAA 
CGAAATGAATAATCTCCAGATT 

GCTGTGGGAAGGATGCAGAAAGGAATCGATTTTGTTAAAAGAAAAATACGTGAATT 
TATTCAGAAAGCCTTTGTTAGGAA 

GCAGAAAGCTTTAGATGAAATTAAACCGCTTGAAGATCTAAATAATAAAAAAGACA 
GCTGTATTTCCAACCATACCACCA 

TAGAAATAGGCAAAGACCTCAATTATCTCAAAGACGGAAATGGAACTACTAGTGGC 
ATAGGCAGCAGTGTAGAAAAATAT 

GTCGTGGATGAAAGTGATTACATGTCATTTATAAACAACCCTAGCCTCACTGTGACA 
GTACCAATTGCTGTTGGAGAATC 

TGACTTTGAAAATTTAAATACTGAAGAATTCAGCAGCGAGTCAGATATGGAGGAAA 
GCAAAGAGAAGCTAAATGCAACTA 

GTTCATCTGAAGGCAGCACGGTTGATATTGGAGCTCCCGCCGAGGGAGAACAGCCT 
GAGGTTGAACCTGAGGAATCCCTT 

GAACCTGAAGCCTGTTTTACAGAAGACTGTGTACGGAAGTTCAAGTGTTGTCAGATA 
AGCATAGAAGAAGGCAAAGGGAA 

ACTCTGGTGGAATTTGAGGAAAACATGCTATAAGATAGTGGAGCACAATTGGTTCG 
AAACCTTCATTGTCTTCATGATTC 

TGCTGAGCAGTGGGGCTCTGGCCTTTGAAGATATATACATTGAGCAGCGAAAAACC 
ATTAAGACCATGTTAGAATATGCT 

GACAAGGTTTTCACTTACATATTCATTCTGGAAATGCTGCTAAAGTGGGTTGCATAT 
GGTTTTCAAGTGTATTTTACCAA 

TGCCTGGTGCTGGCTAGACTTCCTGATTGTTGATGTCTCACTGGTTAGCTTAACTGCA 
AATGCCTTGGGTTACTCAGAAC 

TTGGTGCCATCAAATCCCTCAGAACACTAAGAGCTCTGAGGCCACTGAGAGCTTTGT 
CCCGGTTTGAAGGAATGAGGGCT 

GTTGTAAATGCTCTTTTAGGAGCCATTCCATCTATCATGAATGTACTTCTGGTTTGTC 
TGATCTTTTGGCTAATATTCAG 

TATCATGGGAGTGAATCTCTTTGCTGGCAAGTTTTACCATTGTATTAATTACACCACT 
GGAGAGATGTTTGATGTAAGCG 

TGGTCAACAACTACAGTGAGTGCAAAGCTCTCATTGAGAGCAATCAAACTGCCAGG 
TGGAAAAATGTGAAAGTAAACTTT 

GATAACGTAGGACTTGGATATCTGTCTCTACTTCAAGTAGCCACGTTTAAGGGATGG 
ATGGATATTATGTATGCAGCTGT 

TGATTCACGAAATGTAGAATTACAACCCAAGTATGAAGACAACCTGTACATGTATCT 
TTATTTTGTCATCTTTATTATTT 

TTGGTTCATTCTTTACCTTGAATCTTTTCATTGGTGTCATCATAGATAACTTCAACCA 
ACAGAAAAAGAAGTTTGGAGGT 
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CAAGACATTTTTATGACAGAAGAACAGAAGAAATACTACAATGCAATGAA/lAAACT < 
GGGTTCAAAGAAACCACAAAAACC 

CATACCTCGACCTGCTAACAAATTCCAAGGAATGGTCTTTGATTTTGTAACCAAACA 
AGTCTTTGATATCAGCATCATGA 

TCCTCATCTGCCTTAACATGGTCACCATGATGGTGGAAACCGATGACCAGAGTCAAG 
AAATGACAAACATTCTGTACTGG 

ATTAATCTGGTGTTTATTGTTCTGTTCACTGGAGAATGTGTGCTGAAACTGATCTCTC 
TTCGTTACTACTATTTCACTAT 

TGGATGGAATATTTTTGATTTTGTGGTGGTCATTCTCTCCATTGTAGGAATGTTTCTG 
GCTGAACTGATAGAAAAGTATT 

TTGTGTCCCCTACCCTGTTCCGAGTGATCCGTCTTGCCAGGATTGGCCGAATCCTACG 
TCTGATCAAAGGAGCAAAGGGG 

ATCCGCACGCTGCTCTTTGCTTTGATGATGTCCCTTCCTGCGTTGTTTAACATCGGCC 
TCCTTCTTTTCCTGGTCATGTT 

CATCTACGCCATCTTTGGGATGTCCAATTTTGCCTATGTTAAGAGGGAAGTTGGGAT 
CGATGACATGTTCAACTTTGAGA 

CCTTTGGCAACAGCATGATCTGCCTGTTCCAAATTACAACCTCTGCTGGCTGGGATG 
GATTGCTAGCACCTATTCTTAAT 

AGTGGACCTCCAGACTGTGACCCTGACAAAGATCACCCTGGAAGCTCAGTTAAAGG 
AGACTGTGGGAACCCATCTGTTGG 

GATTTTCTTTTTTGTCAGTTACATCATCATATCCTTCCTGGTTGTGGTGAACATGTAC 
ATCGCGGTCATCCTGGAGAACT 

TCAGTGTTGCTACTGAAGAAAGTGCAGAGCCTCTGAGTGAGGATGACTTTGAGATGT 
TCTATGAGGTTTGGGAGAAGTTT 

GATCCCGATGCGACCCAGTTTATAGAGTTTGCCAAACTTTCTGATTTTGCAGATGCC 
CTGGATCCTCCTCTTCTCATAGC 

AAAACCCAACAAAGTCCAGCTCATTGCCATGGATCTGCCCATGGTGAGTGGTGACC 
GGATCCACTGTCTTGACATCTTAT 

TTGCTTTTACAAAGCGTGTTTTGGGTGAGAGTGGAGAGATGGATGCCCTTCGAATAC 
AGATGGAAGAGCGATTCATGGCA 

TCAAACCCCTCCAAAGTCTCTTATGAGCCCATTACGACCACGTTGAAACGCAAACAA 
GAGGAGGTGTCTGCTATTATTAT 

CCAGAGGGCTTACAGACGCTACCTCTTGAAGCAAAAAGTTAAAAAGGTATCAAGTA 
TATACAAGAAAGACAAAGGCAAAG 

AATGTGATGGAACACCCATCAAAGAAGATACTCTCATTGATAAACTGAATGAGAAT 
TCAACTCCAGAGAAAACCGATATG 

ACGCCTTCCACCACGTCTCCACCCTCGTATGATAGTGTGACCAAACCAGAAAAAGAA 
AAATTTGAAAAAGACAAATCAGA 
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AAAGGAAGACAAAGGGAAAGATATCAGGGAAAGTAAAAAGTAAaaagaaaccaagaattttcc 
attttgtgatcaattgt 

ttacagcccgtgatggtgatgtgtttgtgtcaacaggactcccacaggaggtctatgccaaactgactgtttttacaaat 

gtatacttaaggtcagtgcctataacaagacagagacctctggtcagcaaactggaactcagtaaactggagaaatagta 

tcgatgggaggtttctattttcacaaccagctgacactgctgaagagcagaggcgtaatggctactcagacgataggaac 

caatttaaaggggggagggaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccagtgt 

ttatgttttaactgccacacctgccatatttttacaaaacgtgtgctgtgaatttatcacttttctttttaattcacagg 

ttgtttactattatatgtgactatttttgtaaatgggtttgtgtttggggagagggattaaagggagggaattctacatt 

tctctattgtattgtataactggatatattttaaatggaggcatgctgcaattctcattcacacataaaaaaatcacatc 

acaaaagggaagagtttacttcttgWcaggatgtttttagattmgaggtgcttaaatagctattcgtattttt^^^ 

gtgtctcatccagaaaaaatttaatgtgcctgtaaatgttccatagaatcacaagcattaaagagttgttttatttttac 

ataacccattaaatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgcac 

acacagagatatacacataccattacattgtcattcacagtcccagcagcatgactatcacatttttgataagtgtcctt 

tggcataaaataaaaatatcctatcagtcctttctaagaagcctgaattgaccaaaaaacatccccaccaccactttata 

aagttgattctgctttatcctgcagtattgtttagccatcttctgctcttggtaaggttgacatagtatatgtcaattta 

aaaaataaaagtctgctttgtaaatagtaattttacccagtggtgcatgtttgagcaaacaaaaatgatgatttaagcac 

actacttattgcatcaaatatgtaccacagtaagtatagtttgcaagctttcaacaggtaatatgatgtaattggttcca 

ttatagtttgaagctgtcactgctgcatgtttatcttgcctatgctgctgtatcttattccttccactgttcagaagtct 

aatatgggaagccatatatcagtggtaaagtgaagcaaattgttctaccaagacctcattcttcatgtcattaagcaata 

ggttgcagcaaacaaggaagagcttcttgctttttattcttccaaccttaattgaacactcaatgatgaaaagcccgact 

gtacaaacatgttgcaagctgcttaaatctgtttaaaatatatggttagagttttctaagaaaatataaatactgtaaaa 

agttcattttattttatttttcagccttttgtacgtaaaatgagaaattaaaagtatcttcaggtggatgtcacagtcac 

tattgttagtttctgttcctagcacttttaaattgaagcacttcacaaaataagaagcaaggactaggatgcagtgtagg 

tttctgcttttttattagtactgtaaacttgcacacatttcaatgtgaaacaaatctcaaactgagttcaatgtttattt 

gctttcaatagtaatgccttatcattgaaagaggcttaaagaaaaaaaaaatcagctgatactcttggcattgcttgaat 

ccaatgtttccacctagtctttttattcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgac 

ccatatggcactagaactgtatcagatataatatgggatcccagctttttttcctctcccacaaaaccaggtagtgaagt 

tatattaccagttacagcaaaatactttgtgtttcacaagcaacaataaatgtagattctttatactgaagctattgact 

tgtagtgtgttggtgaatgcatgcaggaagatgctgttaccataaagaacggtaaaccacattacaatcaagccaaagaa 

taaaggttcgcttatgtatatgtatttaa 
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tlcttggtgccagcttatcaatcccaaactctgggtgtaaaagattctacagggcactttcttatgcaaggagctaaaca 

gtgattaaaggagcaggatgaaaagATGGCACAGTCAGTGCTGGTACCGCCAGGACCTGACAGCTT 

CCGCTTCTTTACCA 

GGGAATCCCTTGCTGCTATTGAACAACGCATTGCAGAAGAGAAAGCTAAGAGACCC 
AAACAGGAACGCAAGGATGAGGAT 

GATGAAAATGGCCCAAAGCCAAACAGTGACTTGGAAGCAGGAAAATCTCTTCCATT 
TATTTATGGAGACATTCCTCCAGA 

GATGGTGTCAGTGCCCCTGGAGGATCTGGACCCCTACTATATCAATAAGAA^iACGTT 
TATAGTATTGAATAAAGGGAAAG 

CAATCTCTCGATTCAGTGCCACCCCTGCCCTTTACATTTTAACTCCCTTCAACCCTAT 
TAGAAAATTAGCTATTAAGATT 

TTGGTACATTCTTTATTCAATATGCTCATTATGTGCACGATTCTTACCAACTGTGTAT 
TTATGACCATGAGTAACCCTCC 

AGACTGGACAAAGAATGTGGAGTATACCTTTACAGGAATTTATACTTTTGAATCACT 
TATTAAAATACTTGCAAGGGGCT 

TTTGTTTAGAAGATTTCACATTTTTACGGGATCCATGGAATTGGTTGGATTTCACAGT 
CATTACTTTTGCGTATGTAACA 

GAATTTGTAAACCTAGGCAATGTTTCAGCTCTTCGAACTTTCAGAGTCTTGAGAGCT 
TTGAAAACTATTTCTGTAATTCC 

AGGCCTGAAGACCATTGTGGGGGCCCTGATCCAGTCAGTGAAGAAGCTTTCTGATGT 
CATGATCTTGACTGTGTTCTGTC 

TAAGCGTGTTTGCGCTAATAGGATTGCAGTTGTTCATGGGCAACCTACGAAATAAAT 
GTTTGCAATGGCCTCCAGATAAT 

TCTTCCTTTGAAATAAATATCACTTCCTTCTTTAACAATTCATTGGATGGGAATGGTA 
CTACTTTCAATAGGACAGTGAG 

CATATTTAACTGGGATGAATATATTGAGGATAAAAGTCACTTTTATTTTTTAGAGGG 
GCAAAATGATGCTCTGCTTTGTG 

GCAACAGCTCAGATGCAGGCCAGTGTCCTGAAGGATACATCTGTGTGAAGGCTGGT 
AGAAACCCCAACTATGGCTACACG 

AGCTTTGACACCTTTAGTTGGGCCTTTTTGTCCTTATTTCGTCTCATGACTCAAGACT 
TCTGGGAAAACCTTTATCAACT 

GACACTACGTGCTGCTGGGAAAACGTACATGATATTTTTTGTGCTGGTCATTTTCTTG 
GGCTCATTCTATCTAATAAATT 

TGATCTTGGCTGTGGTGGCCATGGCCTATGAGGAACAGAATCAGGCCACATTGGAA 
GAGGCTGAACAGAAGGAAGCTGAA 

TTTCAGCAGATGCTCGAACAGTTGAAAAAGCAACAAGAAGAAGCTCAGGCGGCAGC 
TGCAGCCGCATCTGCTGAATCAAG 

AGACTTCAGTGGTGCTGGTGGGATAGGAGTTTTTTCAGAGAGTTCTTCAGTAGCATC 
TAAGTTGAGCTCCAAAAGTGAAA 
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AAGAGCTGAAAAACAGAAGAAAGAAAAAGAAACAGAAAGAACAGTCTGGAGAAG 
AAGAGAAAAATGACAGAGTCCTAAAA 

TCGGAATCTGAAGACAGCATAAGAAGAAAAGGTTTCCGTTTTTCCTTGGAAGGAAGT 
AGGCTGACATATGAAAAGAGATT 

TTCTTCTCCACACCAGTCCTTACTGAGCATCCGTGGCTCCCTTTTCTCTCCAAGACGC 
AACAGTAGGGCGAGCCTTTTCA 

GCTTCAGAGGTCGAGCAAAGGACATTGGCTCTGAGAATGACTTTGCTGATGATGAGC 
ACAGCACCTTTGAGGACAATGAC 

AGCCGAAGAGACTCTCTGTTCGTGCCGCACAGACATGGAGAACGGCGCCACAGCAA 
TGTCAGCCAGGCCAGCCGTGCCTC 

CAGGGTGCTCCCCATCCTGCCCATGAATGGGAAGATGCATAGCGCTGTGGACTGCA 
ATGGTGTGGTCTCCCTGGTCGGGG 

GCCCTTCTACCCTCACATCTGCTGGGCAGCTCCTACCAGAGGGCACAACTACTGAAA 
CAGAAATAAGAAAGAGACGGTCC 

AGTTCTTATCATGTTTCCATGGATTTATTGGAAGATCCTACATCAAGGCAAA.GAGCA 
ATGAGTATAGCCAGTATTTTGAC 

CAACACCATGGAAGAACTTGAAGAATCCAGACAGAAATGCCCACCATGCTGGTATA 
AATTTGCTAATATGTGTTTGATTT 

GGGACTGTTGTAAACCATGGTTAAAGGTGAAACACCTTGTCAACCTGGTTGTAATGG 
ACCCATTTGTTGACCTGGCCATC 

ACCATCTGCATTGTCTTAAATACACTCTTCATGGCTATGGAGCACTATCCCATGACG 
GAGCAGTTCAGCAGTGTACTGTC 

TGTTGGAAACCTGGTCTTCACAGGGATCTTCACAGCAGAAATGTTTCTCAAGATAAT 
TGCCATGGATCCATATTATTACT 

TTCAAGAAGGCTGGAATATTTTTGATGGTTTTATTGTGAGCCTTAGTTTAATGGAACT 
TGGTTTGGCAAATGTGGAAGGA 

TTGTCAGTTCTCCGATCATTCCGGCTGCTCCGAGTTTTCAAGTTGGCAAAATCTTGGC 
CAACTCTAAATATGCTAATTAA 

GATCATTGGCAATTCTGTGGGGGCTCTAGGAAACCTCACCTTGGTATTGGCCATCAT 
CGTCTTCATTTTTGCTGTGGTCG 

GCATGCAGCTCTTTGGTAAGAGCTACAAAGAATGTGTCTGCAAGATTTCCAATGATT 
GTGAACTCCCACGCTGGCACATG 

CATGACTTTTTCCACTCCTTCCTGATCGTGTTCCGCGTGCTGTGTGGAGAGTGGATAG 
AGACCATGTGGGACTGTATGGA 

GGTCGCTGGCCAAACCATGTGCCTTACTGTCTTCATGATGGTCATGGTGATTGGAAA 
TCTAGTGGTTCTGAACCTCTTCT 

TGGCCTTGCTTTTGAGTTCCTTCAGTTCTGACAATCTTGCTGCCACTGATGATGATAA 
CGAAATGAATAATCTCCAGATT 


Seq. Id. No. 34 (cont'd) 


29/72 


GCTGTGGGAAGGATGCAGAAAGGAATCGATTTTGTTAAAAGAAAAATACGTGAATT - 
TATTCAGAAAGCCTTTGTTAGGAA 

GCAGAAAGCTTTAGATGAAATTAAACCGCTTGAAGATCTAAATAATA^^AAAGACA 
GCTGTATTTCCAACCATACCACCA 

TAGAAATAGGCAAAGACCTCAATTATCTCAAAGACGGAAATGGAACTACTAGTGGC 
ATAGGCAGCAGTGTAGAAAAATAT 

GTCGTGGATGAAAGTGATTACATGTCATTTATAAACAACCCTAGCCTCACTGTGACA 
GTACCAATTGCTGTTGGAGAATC 

TGACTTTGAAAATTTAAATACTGAAGAATTCAGCAGCGAGTCAGATATGGAGGAAA 
GCAAAGAGAAGCTAAATGCAACTA 

GTTCATCTGAAGGCAGCACGGTTGATATTGGAGCTCCCGCCGAGGGAGAACAGCCT 
GAGGTTGAACCTGAGGAATCCCTT 

GAACCTGAAGCCTGTTTTACAGAAGACTGTGTACGGAAGTTCAAGTGTTGTCAGATA 
AGCATAGAAGAAGGCAAAGGGAA 

ACTCTGGTGGAATTTGAGGAAAACATGCTATAAGATAGTGGAGCACAATTGGTTCG 
AAACCTTCATTGTCTTCATGATTC 

TGCTGAGCAGTGGGGCTCTGGCCTTTGAAGATATATACATTGAGCAGCGAAAAACC 
ATTAAGACCATGTTAGAATATGCT 

GACAAGGTTTTCACTTACATATTCATTCTGGAAATGCTGCTAAAGTGGGTTGCATAT 
GGTTTTCAAGTGTATTTTACCAA 

TGCCTGGTGCTGGCTAGACTTCCTGATTGTTGATGTCTCACTGGTTAGCTTAACTGCA 
AATGCCTTGGGTTACTCAGAAC 

TTGGTGCCATCAAATCCCTCAGAACACTAAGAGCTCTGAGGCCACTGAGAGCTTTGT 
CCCGGTTTGAAGGAATGAGGGCT 

GTTGTAAATGCTCTTTTAGGAGCCATTCCATCTATCATGAATGTACTTCTGGTTTGTC 
TGATCTTTTGGCTAATATTCAG 

TATCATGGGAGTGAATCTCTTTGCTGGCAAGTTTTACCATTGTATTAATTACACCACT 
GGAGAGATGTTTGATGTAAGCG 

TGGTCAACAACTACAGTGAGTGCAAAGCTCTCATTGAGAGCAATCAAACTGCCAGG 
TGGAAAAATGTGAAAGTAAACTTT 

GATAACGTAGGACTTGGATATCTGTCTCTACTTCAAGTAGCCACGTTTAAGGGATGG 
ATGGATATTATGTATGCAGCTGT 

TGATTCACGAAATGTAGAATTACAACCCAAGTATGAAGACAACCTGTACATGTATCT 
TTATTTTGTCATCTTTATTATTT 

TTGGTTCATTCTTTACCTTGAATCTTTTCATTGGTGTCATCATAGATAACTTCAACCA 
ACAGAAAAAGAAGTTTGGAGGT 

CAAGACATTTTTATGACAGAAGAACAGAAGAAATACTACAATGCAATGAA^iAAACT 
GGGTTCAAAGAAACCACAAAAACC 
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CATACCTCGACCTGCTAACAAATTCCAAGGAATGGTCTTTGATTTTGTAACCAAACA ■ 
AGTCTTTGATATCAGCATCATGA 

TCCTCATCTGCCTTAACATGGTCACCATGATGGTGGAAACCGATGACCAGAGTiGAAG 
AAATGACAAACATTCTGTACTGG 

ATTAATCTGGTGTTTATTGTTCTGTTCACTGGAGAATGTGTGCTGAAACTGATCTCTC 
TTCGTTACTACTATTTCACTAT 

TGGATGGAATATTTTTGATTTTGTGGTGGTCATTCTCTCCATTGTAGGAATGTTTCTG 
GCTGAACTGATAGAAAAGTATT 

TTGTGTCCCCTACCCTGTTCCGAGTGATCCGTCTTGCCAGGATTGGCCGAATCCTACG 
TCTGATCAAAGGAGCAAAGGGG 

ATCCGCACGCTGCTCTTTGCTTTGATGATGTCCCTTCCTGCGTTGTTTAACATCGGCC 
TCCTTCTTTTCCTGGTCATGTT 

CATCTACGCCATCTTTGGGATGTCCAATTTTGCCTATGTTAAGAGGGAAGTTGGGAT 
CGATGACATGTTCAACTTTGAGA 

CCTTTGGCAACAGCATGATCTGCCTGTTCCAAATTACAACCTCTGCTGGCTGGGATG 
GATTGCTAGCACCTATTCTTAAT 

AGTGGACCTCCAGACTGTGACCCTGACAAAGATCACCCTGGAAGCTCAGTTAAAGG 
AGACTGTGGGAACCCATCTGTTGG 

GATTTTCTTTTTTGTCAGTTACATCATCATATCCTTCCTGGTTGTGGTGAACATGTAC 
ATCGCGGTCATCCTGGAGAACT 

TCAGTGTTGCTACTGAAGAAAGTGCAGAGCCTCTGAGTGAGGATGACTTTGAGATGT 
TCTATGAGGTTTGGGAGAAGTTT 

GATCCCGATGCGACCCAGTTTATAGAGTTTGCCAAACTTTCTGATTTTGCAGATGCC 
CTGGATCCTCCTCTTCTCATAGC 

AAAACCCAACAAAGTCCAGCTCATTGCCATGGATCTGCCCATGGTGAGTGGTGACC 
GGATCCACTGTCTTGACATCTTAT 

TTGCTTTTACAAAGCGTGTTTTGGGTGAGAGTGGAGAGATGGATGCCCTTCGAATAC 
AGATGGAAGAGCGATTCATGGCA 

TCAAACCCCTCCAAAGTCTCTTATGAGCCCATTACGACCACGTTGAAACGCAAACAA 
GAGGAGGTGTCTGCTATTATTAT 

CCAGAGGGCTTACAGACGCTACCTCTTGAAGCAAAAAGTTAAAAAGGTATCAAGTA 
TATACAAGAAAGACAAAGGCAAAG 

AATGTGATGGAACACCCATCAAAGAAGATACTCTCATTGATAAACTGAATGAGAAT 
TCAACTCCAGAGAAAACCGATATG 

ACGCCTTCCACCACGTCTCCACCCTCGTATGATAGTGTGACCAAACCAGAAA.AAGAA 
AAATTTGAAAAAGACAAATCAGA 

AAAGGAAGACAAAGGGAAAGATATCAGGGAAAGTAAAAAGTAAaaagaaaccaagaattttcc 
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attttgtgatcaattgt 

ttacagcccgtgatggtgatgtgtttgtgtcaacaggactcccacaggaggtctatgccaaactgactgtttttacaaat 

gtatacttaaggtcagtgcctataacaagacagagacctctggtcagcaaactggaactcagtaaactggagaaatagta 

tcgatgggaggtttctattttcacaaccagctgacactgctgaagagcagaggcgtaatggctactcagacgataggaac 

caatttaaaggggggagggaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccagtgt 

ttatgtmaactgccacacctgccatatttttacaaaacgtgtgctgtgaatttatcacttttctttttaattcacagg 

ttgtttactattatatgtgactatttttgtaaatgggtttgtgtttggggagagggattaaagggagggaattctacatt 

tctctattgtattgtataactggatatattttaaatggaggcatgctgcaattctcattcacacataaaaaaatcacatc 

acaaaagggaagagmacttcttgtttcaggatgtmtagatttttgaggtgcttaaatagctattcgtatttttaag 

gtgtctcatccagaaaaaatttaatgtgcctgtaaatgttccatagaatcacaagcattaaagagttgttttatttttac 

ataacccattaaatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgcac 

acacagagatatacacataccattacattgtcattcacagtcccagcagcatgactatcacatttttgataagtgtcctt 

tggcataaaataaaaatatcctatcagtcctttctaagaagcctgaattgaccaaaaaacatccccaccaccactttata 

aagttgattctgctttatcctgcagtattgtttagccatcttctgctcttggtaaggttgacatagtatatgtcaattta 

aaaaataaaagtctgctttgtaaatagtaattttacccagtggtgcatgtttgagcaaacaaaaatgatgatttaagcac 

actacttattgcatcaaatatgtaccacagtaagtatagtttgcaagctttcaacaggtaatatgatgtaattggttcca 

ttatagtttgaagctgtcactgctgcatgtttatcttgcctatgctgctgtatcttattccttccactgttcagaagtct 

aatatgggaagccatatatcagtggtaaagtgaagcaaattgttctaccaagacctcattcttcatgtcattaagcaata 

ggttgcagcaaacaaggaagagcttcttgctttttattcttccaaccttaattgaacactcaatgatgaaaagcccgact 

gtacaaacatgttgcaagctgcttaaatctgtttaaaatatatggttagagttttctaagaaaatataaatactgtaaaa 

agttcattttattttatttttcagccttttgtacgtaaaatgagaaattaaaagtatcttcaggtggatgtcacagtcac 

tattgttagtttctgttcctagcacttttaaattgaagcacttcacaaaataagaagcaaggactaggatgcagtgtagg 

tttctgcttttttattagtactgtaaacttgcacacatttcaatgtgaaacaaatctcaaactgagttcaatgtttattt 

gctttcaatagtaatgccttatcattgaaagaggcttaaagaaaaaaaaaatcagctgatactcttggcattgcttgaat 

ccaatgtttccacctagtctttttattcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgac 

ccatatggcactagaactgtatcagatataatatgggatcccagctttttttcctctcccacaaaaccaggtagtgaagt 

tatattaccagttacagcaaaatactttgtgtttcacaagcaacaataaatgtagattctttatactgaagctattgact 

tgtagtgtgttggtgaatgcatgcaggaagatgctgttaccataaagaacggtaaaccacattacaatcaagccaaagaa 

1 aaaggttcgcttatgtatatgtatttaa 
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MAQSVLVPPGPDSFRFFTRESLAAIEQRIAEEKAKRPKQERKDEDDENGPKPNSDLEAGK ' 

SLPFIYGDIPPEMVSVPLED : 
LDPYYINKXTFIVLNKGKAISRFSATPALYILTPFNPIRKLAIKJLVHSLFNMLIMCTILTNC 

VFMTMSNPPDWTKNVEY 

TFTGIYTFESLIKILARGFCLEDFTFLRDPWNWLDFTVITFAYVTEFVDLGNVSALRTFRV 
LRALKTISVIPGLKTIVGA 

LIQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCLQWPPDNSSFEINITSFFNNSLD 
GNGTTFNRTVSIFNWDEYI 

EDKSHFYFLEGQNDALLCGNSSDAGQCPEGYICVKAGRNPNYGYTSFDTFSWAFLSLFR 
LMTQDFWENLYQLTLRAAGKT 

YMIFFVLVIFLGSFYLE^ILILAVVAMAYEEQNQATLEEAEQKEAEFQQMLEQLKKQQEE 
AQAAAAAASAESRDFSGAGGI 

GVFSESSSVASKLSSKSEKELKNRRKKKKQKEQSGEEEKNDRVLKSESEDSIRRKGFRFS 
LEGSRLTYEKRFSSPHQSLL 

SIRGSLFSPRRNSRASLFSFRGRAKDIGSENDFADDEHSTFEDNDSKRDSLFVPHRHGERR 
HSNVSQASRASRVLPILPM 

NGKMHSAVDCNGWSLVGGPSTLTSAGQLLPEGTTTETEIRKRRSSSYHVSMDLLEDPT 
SRQRAMSIASILTNTMEELEE 

SRQKCPPCWYKFANMCLIWDCCKPWLKVKHLVNLVVMDPFVDLAITICIVLNTLFMAM 
EHYPMTEQFSSVLSVGNLVFTG 

IFTAEMFLKIIAMDPYYYFQEGWNIFDGFIVSLSLMELGLANVEGLSVLRSFRLLRVFKLA 
KSWPTLNMLIKIIGNSVGA 

LGNLTLVLAIIVFIFAVYGMQLFGKSYKECVCKISNDCELPRWHMHDFFHSFLIVFRVLC 
GEWIETMWDCMEVAGQTMCL 

TVFMMVMVIGNLVVLNLFLALLLSSFSSDNLAATDDDNEMNNLQIAVGRMQKGIDFVK 
RKIREFIQKAFVRKQKALDEIK 

PLEDLNNKKDSCISNHTTIEIGKDLNYLKDGNGTTSGIGSSVEKYVVDESDYMSFINNPSL 
TVTVPIAVGESDFENLNTE 

EFSSESDMEESKEKLNATSSSEGSTVDIGAPAEGEQPEVEPEESLEPEACFTEDCVRKFKC 
CQISIEEGKGKLWWNLRKT 

CYKIVEHNWFETFIVFMILLSSGALAFEDIYIEQRKTIKTMLEYADKVFTYIFILEMLLKW 
VAYGFQVYFTNAWCWLDFL 

IVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRAVVNALLGAIPSIMNV 
LLVCLIFWLIFSIMGYNLFA 

GKFYHCINYTTGEMFDVSVVNNYSECKALIESNQTARWKNVKVNFDNVGLGYLSLLQV 
ATFKGWMDIMYAAVDSRNVELQ 

PKYEDNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTEEQKKYYNAM 
KKLGSKKPQKPIPRPANKF 
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QGMVFDFVTKQVFDISIMILICLNMVTMMVETDDQSQEMTNILYWINLVFIVLFTGECVL - 
KLISLRYYYFTIGWNIFDFV 

VVILSIVGMFLAELIEKYFVSPTLFRVIRLARIGRILRLIKGAKGIRTLLFALMMSLPALFNI 
GLLLFLVMFIYAIFGMS 

NFAYVKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSGPPDCDPDKDHPGS 
SVKGDCGNPSVGIFFFVSYI 

IISFLVVVNMYIAVILENFSVATEESAEPLSEDDFEMFYEVWEKFDPDATQFIEFAKLSDF 
ADALDPPLLIAKPNKVQLI 

AMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPSKVSYEPITTTL 
KRKQEEVSAIIIQRAYRRYL 

LKQKVKKVSSIYKKDKGKECDGTPIKEDTLIDKLNENSTPEKTDMTPSTTSPPSYDSVTK 

PEKEKFEKDKSEKEDKGKDI 

RESKK. 
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MAQSVLVPPGPDSFRFFTRESLAAIEQRIAEEKAKRPKQERKDEDDENGPKPNSDLEAGK ' 
SLPFIYGDIPPEMVSVPLED 

LDPYYINKKTFIVLNKGKAISRFSATPALYILTPFNPIRKLAIKILVHSLFNMLIMCTILTNC 
VFMTMSNPPDWTKNVEY 

TFTGIYTFESLIKILARGFCLEDFTFLRDPWNWLDFTVITFAYVTEFVNLGNVSALRTFRV 
LRALKTISVIPGLKTIVGA 

LIQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCLQWPPDNSSFEINITSFFNNSLD 
GNGTTFNRTVSIFNWDEYI 

EDKSHFYFLEGQNDALLCGNSSDAGQCPEGYICVKAGRNPNYGYTSFDTFSWAFLSLFR 
LMTQDFWENLYQLTLRAAGKT 

YMIFFVLVIFLGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQQMLEQLKKQQEE 
AQAAAAAASAESRDFSGAGGI 

GVFSESSSVASKLSSKSEKELKNRRKKKKQKEQSGEEEKNDRVLKSESEDSIRRKGFRFS 
LEGSRLTYEKRFSSPHQSLL 

SIRGSLFSPRRNSRASLFSFRGRAKDIGSENDFADDEHSTFEDNDSRRDSLFVPHRHGERR 
HSNVSQASRASRVLPILPM 

NGKMHSAVDCNGVVSLVGGPSTLTSAGQLLPEGTTTETEIRKRRSSSYHVSMDLLEDPT 
SRQRAMSIASILTNTMEELEE 

SRQKCPPCWYKFANMCLIWDCCKPWLKVKHLVNLVVMDPFVDLAITICIVLNTLFMAM 
EHYPMTEQFSSVLSVGNLVFTG 

IFTAEMFLKIIAMDPYYYFQEGWNIFDGFIVSLSLMELGLANVEGLSVLRSFRLLRVFKLA 
KSWPTLNMLIKIIGNSVGA 

LGNLTLVLAIIVFIFAVVGMQLFGKSYKECVCKISNDCELPRWHMHDFFHSFLIVFRVLC 
GEWIETMWDCMEVAGQTMCL 

TVFMMVMVIGNLVVLNLFLALLLSSFSSDNLAATDDDNEMNNLQIAVGRMQKGIDFVK 
RKIREFIQKAFVRKQKALDEIK 

PLEDLNNKEXJSCISNHTTIEIGKDLNYLKDGNGTTSGIGSSVEKYVVDESDYMSFINNPSL 
TVTVPIAVGESDFENLNTE 

EFSSESDMEESKEKLNATSSSEGSTVDIGAPAEGEQPEVEPEESLEPEACFTEDCVRKFKC 
CQISIEEGKGKLWWNLRKT 

CYKIVEHNWFETFIVFMILLSSGALAFEDIYIEQRKTIKTMLEYADKVFTYIFILEMLLKW 
VAYGFQVYFTNAWCWLDFL 

IVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRAVVNALLGAIPSIMNV 
LLVCLIFWLIFSIMGVNLFA 

GKFYHCINYTTGEMFDVSVVNNYSECKALIESNQTARWKNVKVNFDNVGLGYLSLLQV 
ATFKGWMDIMYAAVDSRNVELQ 

PKYEDNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTEEQKKYYNAM 
KKLGSKKPQKPIPRPANKF 


Seq. Id. No. 36 


35/72 


QGMVFDFVTKQVFDISIMILICLNMVTMMVETDDQSQEMTNILYWINLVFIVLFTGECVL ' 
KLISLRYYYFTIGWNIFDFV 

VVILSIVGMFLAELIEKYFVSPTLFRVIRLARJGRILRLIKGAKGIRTLLFALMMSLPALFNI 
GLLLFLVMFIYAIFGMS 

NFAYVKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSGPPDCDPDKDHPGS 
SVKGDCGNPSVGIFFFVSYI 

IISFLVVVNMYIAVILENFSVATEESAEPLSEDDFEMFYEVWEKFDPDATQFIEFAKLSDF 
ADALDPPLLIAKPNKVQLI 

AMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPSKVSYEPITTTL 
KRKQEEVSAIIIQRAYRRYL 

LKQKVKKVSSIYKKDKGKECDGTPIKEDTLIDKLNENSTPEKTDMTPSTTSPPSYDSVTK 

PEKEKFEKDKSEKEDKGKDI 

RESKK. 
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a. exon 01 (formerly exon 00) 
gaattctttatatgggttgaatgactttctgacatagcaaataaaaagcatgaggagaagcattatctgttaacaaaatt 
aacacttaaaatcaacaaagttttaatgtttcgttccaagaaaagcctgtggaagatcagttccacaactgagagctttg 
ggctgcttcagacatatgtctgtgtgtacgctgtgaaggtgtttctcttcacagttccccgccctctagtggtagttaca 
ataatgccattttgtagtccctgtacaggaaatgcctcttcttacttcagttaccagaatccttttacaggaagttaggt 
gtggtctttgaaggagaattaaaaaaaaaaaaaaaaaaaaaaaaaagaUUlilUttitaaagcatgatggaatttta 
gctgcagtcTTCTTGGGGCCAGCTTATCAATCCCAAACTCTGGGGGTAAAAGATTCTACA 
GGGgtaatgttttattattc 

ttattatgcttattctctgtgatgcttctctacctttacagtagtagaatccttggggaaatctgcagagggaccacttt 

cattttgaagctgctggctgcatgttttagcatgtctcttctattagagaatccaggcatggcagtttcctcccccagtg 

tgcaaggaccatcttcatgcctatgtctgtcgctaggcatgagggtctctaggaatgggtgaaaaaaatgagggatgttt 

tggaggcactataatactggggagggcagtctgctagctggtagctgaaaggtcctggtttacttcaacattttttttaa 

ataaaactgtgcagtagtttttgttattttagggttccctctgttttatctggtgtatgctgcagaagtgaactgcataa 

cacatttcactcttagaaatgcattccatata 

exon 02 (formerly exon 01) 
ctcagtgcatgtaactgacacaatcacctctatctaatggtcatgcttcttacctcctgttctgtagCACTtTCTTATGC 
AAGGAGCTAAACAGTGATTAAAGGAGCAGGATGAAaAGATGGCACAGTCAGTGCTG 
GTACCGCCAGGACCTGACAGCTTC 

CGCTTCTTTACCAGGGAATCCCTTGCTGCTATTGAACAACGCATTGCAGAAGAGAAA 
GCTAAGAGACCCAAACAGGAACG 

CAAGGATGAGGATGATGAAAATGGCCCAAAGCCAAACAGTGACTTGGAAGCAGSAA 
AATCTCTTCCATTTATTTATGGAG 

ACATTCCTCCAGAGATGGTGTCAGTGCCCCTGGAGGATCTGGACCCCTACTATATCA 
ATAAGAAAgtgagttcttagtca 

agttgccttcactgcctatttactaattggttctgggctagtcccagggatgatggtgaagaaggctggcctccttccct 

ctgtctaaagtatcactaagatgctggatgggcctgaccgtgtaatggaccaatgatcctagaagtcttttggaagcact 

catttgaacctgcatttgtgagacaggcagagaactggtgaggcatcctccagcgcgggaattaaggaaggacaaaagcc 

tattcaccttcttgaatacaaattatatgcttaaaccagtgtaaattgaccctgattccctaataatgttgagaagcaaa 

aa 

¥f 

exon 03 (formerly exon 02) 
cctatggcattgatcacaaattttcttaataatcctcatgtcatttatcaaatttaggaaagtttatagtgctcagaaaa 
aaaaagcatctatcttcatgtcatatgatggtaattattatgttatacactattttacagggcaatatttataaataatg 
gttttacttttctcttaaaatattcttaatatatattctaagttttgttttatgtgttgtgttttctttttcagACGTTT 
ATAGTATTGAATAAAGGGAAAGCAATCTCTCGATTCAGTGCCACCCCTGCCCTTTAC 
ATTTTAACTCCCTTCAACCCTAT 

TAGAAAATTAGCTATTAAGATTTTGGTACATTCatatcctttttcaaatcgtcacttaatatgattttcttctttgac 
ca 

agttattgagctacacattttccaaaatatctgtggttggcaatgttatgtgttctttctttttctttccttttactcaa 
tcgttagcatgttgcaaaatgagatcacaggtaagtgaattactttcccccgtcttctaagtgtttcttctctacccaact 
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exon 04 (formerly exon 03) 
acctaaatagcctcaaaatagttgatggcttggcctgaagacaagatctaaatatgaggttgctgagttatagaaatggc 
aaaaaaaagggtcaataatagaataataagcaacaaaataatagtaagcactaaagttttaaacttcatggtggtgaagg 
catggtagtgcataaaagtaagatttttccattgaactttgtcttccttgacgatattctacTTTATTCAATATGCTCAT 
TATGTGCACGATTCTTACCAACTGTGTATTTATGACCATGAGTAACCCTCCAGACTG 
GACAAAGAATGTGGAgtaagtat 

aaatatttttcaatattgacctccctttatgtttcatattgtgcttttaacaccttgagacctcctcaatttctttaaca 

aatcatgctagctactgttaaccagaccctgattcaaattcatttctgtcactaaatgtcttctaggacaaagcttgtag 

tgggctcacttagttgtgtaaattactgca 


exon 05 (formerly exon 04) 
taagatatgtacttgtaaattaaccactagatttttaatgtgagcttggctattgtctctcagGTATACCTTTACAGGAA 
TTTATACTTTTGAATCACTTATTAAAATACTTGCAAGGGGCTTTTGTTTAGAAGATTT 
CACATTTTTACGGGATCCATGG 

AATTGGTTGGATTTCACAGTCATTACTTTTGCgtaagtatcttaatacattttctatcctggaagagtaaatcactggtg 

ggagcctatactatattttccttggtggcttgccttgacagaccaagcatttntcttagtaatcatagttttcttccaat 

caaattatccagtttggagaaattaggaactatcatagtaaattacatgg 


exon 06N (formerly exon 05N) 
caattagcactgtaaagtaataaagtttcccaaataacagagattatgattgatgacaatgccattttcctcttaattgg 
gaaagctgatggcgacactcatgaaattaaaaaggtcttgatgaaagaccaangaagacgtagatttccctaaattctga 
ataactctgatttaattctacagGTATGTAACAGAATTTGTAAACCTAGGCAATGTTTCAGCTCTTC 
GAACTTTCAGAGT 

CTTGAGAGCTTTGAAAACTATTTCTGTAATTCCAGgtaagaagaaaatggtataaggtggtaggccccttat 
atctccaa 

ctgtttcttgtgttctgtcattgtgtttgtgtgtgaaccccctattacag 


exon 06A (formerly exon 05 A) 
gtaagaagaaaatggtataaggtggtaggccccttatatctccaactgtttcttgtgttctgtcattgtgtttgtgtgtg 
aaccccctattacagATATGTGACAGAGTTTGTGGACCTGGGCAATGTCTCAGCGTTGAGAAC 
ATTCAGAGTTCTCCGAG 

CATTGAAAACAATTTCAGTCATTCCAGgtgagagctaggttaaacaccgaggctgactttagctacagtggtgctacaat 

cacagcttttgtgcagaagccttgttgctagttgcatattgcaaataaatatgtaaaaaagcaagaattggtacatcatt 

ttttggatggatttgattctttgctttttacccgttgctttctttaaaactattctaaatcagcctttgagtttaacaag 

tgttgcatga 


Hi 
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% in hli: ^ 

exon 07 (formerly exon 06) 
aaagagtgtttggaaatacacatttggttcatttccattcacagttttctaatgaacatacaagttctgctttcattcat 
tttcaccagctagtaggcttttcatgaaaatgttattcaatcacaaacattaaactaatattgttggcattctgcatgac 
atttttattttccaggccaagctcatgatatttttgccggtaaaatagctgttgagtagtatatttaanttcccccttct 
gattttgtttgtagGCCTGAAGACCATTGTGGGGGCCCTGATCCAGTCAGTGAAGAAGCTTTC 
TGATGTCATGATCTTGA 

CTGTGTTCTGTCTAAGCGTGTTTGCGCTAATAGGATTGCAGTTGTTCATGGGCAACCT 
ACGAAATAAATGTTTGCAATGG 

CCTCCAGATAATTCTTCCTTTGAAATAAATATCACTTCCTTCTTTAACAATTCATTGG 
ATGGGAATGGTACTACTTTCAA 

TAGGACAGTGAGCATATTTAACTGGGATGAATATATTGAGGATAAAAgtaagatatactctata 
aaccattaagttgttt 

agttctctaaatattaaatattatatataatggaaattatctcaatttagatgtgaatcaagtgacttagactaatttaa 

gatgatttaatacatataaaagagatatcaaaggataccttattctatttttsttatctgtccattgatatagtaaaagt 

tctcatttgaaaatgtgttgtcttatactcatgttgaaagtaatttcatattatgccatattaaaaaaggtttatttggt 

agacattaatcaggtttttcagtcattttaataaataagtcagtagtttgaactattcmgcgtattccactgaaatgtcg 

ttaagaagactgaggggaaataatttggccctatttggttgatgcaacatatgtattgagtacatatgctatatctgaaa 

ctagagaaaccatttatcaagatgaaataagaatttgtgtgctcctcagaaggttaagtaaccctgatttagccattcac 

ttcatccatattctaattagtccctt 

exon 08 (formerly exon 07) 
gttcaattattgtgaaaaatcttctttagccatatatatttattagtttatccatctcattatgattgaaaacatttgtg 
agctttgccacctaaacagggtggctgaagtgttttacaggattttaatgattctttctattcctttctctttaaatagG 
TCACTTTTATTTTTTACAGGGGCAAAATGATGCTCTGCTTTGTGGCAACAGCTCAGAT 

GCAGGgtaagtgtatgcttcct 

actgagtttcagtccacactgctccatcagtgtcaataacctgccacctcccactcatccagtcccaccactcctcactc 
aaaaccctccataaattctacttcacggtgactctcagaatgaccaggataagtgtagattctca 


exon 09 (formerly exon 08) 
tataataatgacaattatgaatcacagaggaatccacaaagtagaccttatagattctgtcattatataaatcagtccac 
ttagtgctgagttaagtactgggtaaggtgagagaaatcggcttttttctagtgcctgtataaaacagacattggcatat 
attaaaacaggaaaaccaattagcagacttgccgttattgactycctctctttcctctaacctaattacagCCAGTGTCC 
TGAAGGATACATCTGTGTGAAGGCTGGTAGAAACCCCAACTATGGCTACACGAGCT 
TTGACACCTTTAGTTGGGCCTTTT 

TGTCCTTATTTCGTCTCATGACTCAAGACTTCTGGGAAAACCTTTATCAACTGgtgagaac 

agataaaatcatttttctg 
agaatcataaaacaccgaactcaagagaat 


Seq. Id. No. 44-46 


39/72 


exon 10 (formerly exon 09) 
tgctgtagaatattttattacttagagtgtaagtttgtaacatcctatataaaatttattaaaatctctcttccattttg 
cagACACTACGTGCTGCTGGGAAAACGTACATGATATTTTTTGTGCTGGTCATTTTCTT 
GGGCTCATTCTATCTAATAAA 

TTTGATCTTGGCTGTGGTGGCCATGGCCTATGAGGAACAGAATCAGGCCACATTGGA 
AGAGGCTGAACAGAAGGAAGCTG 

AATTTCAGCAGATGCTCGAACAGTTGAAAAAGCAACAAGAAGAAGCTCAGgtatagtgaa 
caagcatacggtcctttgtt 

tttctgtatctaaattctttaacctaaatgttgaggtcagtggcaaggtagttgacattagaaataggtcatatgtgttt 
ggtaagtgctaggagcctgtttggttattaagaagttattactttattgcaatgatctctgtcaatagtgtcaatagtaa 
tggcatcaaaaaatggataattataattgctttactgacatttttttctcccttgtgactccttgaggaaattaatgatt 
aacaaaggcctcatgtactcaaacttgcagagtagataaacctacatgtcctcagttgaagtattttcttaggggaagag 

gaattc 

exon 1 1 (formerly exon 10a) 
tatgtatcatcttccatatgaatgcgcattttactctttgattggtctaataacagtgtactgtgttctaaaacacagaa 
taaaatggagaattgtttttcaagattatcttcatgatattgaagctcaattaagcagtaacatgataattattttttaa 
gatnatatgcaacttcccacatactttgcgcccttctagGCGGCAGCTGCAGCCGCATCTGCTGAATCAAGA 

GACTTCAG 

TGGTGCTGGTGGGATAGGAGTTTTTTCAGAGAGTTCTTCAGTAGCATCTAAGTTGAG 
CTCCAAAAGTGAAAAAGAGCTGA 

AAAACAGAAGAAAGAAAAAGAAACAGAAAGAACAGTCTGGAGAAGAAGAGAAAA 
ATGACAGAGTCCTAAAATCGGAATCT 

GAAGACAGCATAAGAAGAAAAGGTTTCCGTTTTTCCTTGGAAGGAAGTAGGCTGAC 
ATATGAAAAGAGATTTTCTTCTCC 

ACACCAGgtaaaaatattaaattacatgaattgtgttctcataaattttttaaaagaatatgccagaatttaatggagag 

aaaaccgccttccacctggatggcacaatgctttcagagtagtgatgattatcaagtgttttggctatcacttcagagaa 

tttgtgagttttgcaactttttggaatcccaggaaggaaattttagatccctctgggtttggaaaaatttg 


exon 1 2 (formerly exon 1 Ob) 
ttatggggacacttctgactatgttgaggtgtgggtaaagtaggagaaaagagagcagaagatggaaaatggaggaagga 
gaaaaagcgagagtgaaatagaaaaggtgaaccttgtagaaagtgccaaaatgccaccagcagtcatcagaggggtgctt 
tcttccacatgtccaatgacttatccttgagtaagtcaatgactatgacacaatgaatcaaattctgtttttcagaatgc 
cagctcttaactctcttcatctcatttttgtttcttttcttgttattcatagTCCTTACTGAGCATCCGTGGCTCCCTTT 
TCTCTCCAAGACGCAACAGTAGGGCGAGCCTTTTCAGCTTCAGAGGTCGAGCAAAG 
GACATTGGCTCTGAGAATGACTTT 

GCTGATGATGAGCACAGCACCTTTGAGGACAATGACAGCCGAAGAGACTCTCTGTT 
CGTGCCGCACAGACATGGAGAACG 
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GCGCCACAGCAATGTCAGCCAGGCCAGCCGTGCCTCCAGGGTGCTCCCCATCCTGCC ' 
CATGAATGGGAAGATGCATAGCG 

CTGTGGACTGCAATGGTGTGGTCTCCCTGGTCGGGGGCCCTTCTACCCTCACATCTG 
CTGGGCAGCTCCTACCAGAGgtg 

aggccaacyymagattgcagctgatgtgaagagagttgtgactggtgcaggcaggagtgyttttccatttmcacatctaa 

gaatttkttgagtttsttgcccaaaggctgggagtttgttcaatcaagctgttaactgtcttgtgaaactsttctattca 

gactttyctacaaagtaattaaaaacctaggttggctgtcagagaatataattagamgtmatctttcatcayyattacta 

tggtatgaaactcgccaaaaagcaaagcaacaatttatcaagcataatgttygaytaatatagttaaattaaatccaagg 

aaattaatgctcacaaattaaataaatacttaaggattttgtgattgttgttcatttaaaaggaga 

exon 13 (formerly exon 10c) 
ataggaaagcccaccttgacaaacccagggctccccaaaagctgaaaatctgacagactttaaacaacccccaaataatt 
atcattccaacaatatcttagtgagctttttacatctgagaaagcatggtgtatatttagttaaataacacctgttgtag 
gaatgctttgggctttgctgctttcaaaaatagtggttatttcatctgaaattctacttctagGGCACAACTACTGAAAC 
AGAAATAAGAAAGAGACGGTCCAGTTCTTATCATGTTTCCATGGATTTATTGGAAGA 
TCCTACATCAAGGCAAAGAGCAA 

TGAGTATAGCCAGTATTTTGACCAACACCATGGAAGgtatgttaaaagtcctgcgtcacagttacttggtg 
ctttcctaa 

tgatgaaaaacacttcataaatttcaataaaatacttcctgacttgatattgtatcattattacacattttactaaataa 
cagtaaaatccgtgcataactcatggattcatatattccacagattttttttttttatatttagcctgtagaaagctgct 
gcaaatgtaaggtatatttgaacaccactttcataacttaa 

exon 14 (formerly exon 11) 
gcttactagcctttctgtactgatcctttctatgacagcaaacccattgtaaaattttccctgttcctccagcagattaa 
cccataatatcttttaacaactttagattttttaaattccttttaatttaaaccaaatctgcttaatagaaagtaagcag 
tlttcatgaggattctaactttttttcttccagAACTTGAAGAATCCAGACAGAAATGCCCACCATGCTGGT 
ATAAATTT 

GCTAATATGTGTTTGATTTGGGACTGTTGTAAACCATGGTTAAAGGTGAAACACCTT 
GTCAACCTGGTTGTAATGGACCC 

ATTTGTTGACCTGGCCATCACCATCTGCATTGTCTTAAATACACTCTTCATGGCTATG 
GAGCACTATCCCATGACGGAGC 

AGTTCAGCAGTGTACTGTCTGTTGGAAACCTGgtaagcctcactgagagtttctcttcctcttgaaagagtttataattg 

ccttagtgaattttacatattgctctcaaattaaatatcaactaattggccatgtatatcttgacatcaaatgtttagca 

tcccttttaaataacaaaaaaatgttgctaccatagtgcaaaagagtcaaagaatttatgtacaatttgatttagaattg 

aattt 


Seq. Id. No. 49 (cont'd) and 
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exon 15 (formerly exon 12) 
tggcccaaaccaatttttaaatcaggaatttaatttwtatattgttgggagttaaattaagttgctcaataattattcgt 
gtttcaakastatttgctcatataatgaactacacttctcatttagGTCTTCACAGGGATCTTCACAGCAGT^AATGT 

TTC 

TCAAGATAATTGCCATGGATCCATATTATTACTTTCAAGAAGGCTGGAATATTTTTG 
ATGGTTTTATTGTGAGCCTTAGT 

TTAATGGAACTTGGTTTGGCAAATGTGGAAGGATTGTCAGTTCTCCGATCATTCCGG 
CTGgtaaattaactgggagtgtt 

cataaaatgtactttrtaattaattagtcttcattctcatctagtaaaaatggcaagatttcccatcattataatatatt 

tgaatacxcttctaaaacagattggattgccataccaccaaatggtagtttcttcttcatcatagctttaataaagttca 

cttaaa 

^> 

exon 16 (formerly exon 13) 
acagatttcctcctgtgtccatgtgactaaccxcattgtgcacatgtaccctaaaaaxttagtatataataataaaataa 
aataaaaataaxaaataaaaaaataaaaataaaataaaattgcagatttttttagaaatgcagagxattaacactgttct 
tgcttttatttccagCTCCGAGTTTTCAAGTTGGCAAAATCTTGGCCAACTCTAAATATGCTAA 
TTAAGATCATTGGCAA 

TTCTGTGGGGGCTCTAGGAAACCTCACCTTGGTATTGGCCATCATCGTCTTCATTTTT 
GCTGTGGTCGGCATGCAGCTCT 

TTGGTAAGAGCTACAAAGAATGTGTCTGCAAGATTTCCAATGATTGTGAACTCCCAC 
GCTGGCACATGCATGACTTTTTC 

CACTCCTTCCTGATCGTGTTCCGCGTGCTGTGTGGAGAGTGGATAGAGACCATGTGG 
GACTGTATGGAGGTCGCTGGCCA 

AACCATGTGCCTTACTGTCTTCATGATGGTCATGGTGATTGGAAATCTAGTGgtatgtagc 
aaaaacattttcctcattt 

tcattaaaaxataatgtaatcattaaaaagtxgttcaactgaagaata 
ff 

exon 17 (formerly exon 14) 
gtttcatttagcaatgatttcagtattttctgcaatgactaataagcaaatagtgataatagtattattttatattgacc 
aagcatttttatttcattcactttttttcagaatagtgtatcatgaattagcagaaatgcatgttagaataaaataaggt 
gtcaagaacaatcttagaaaactaatgatggaaagcaattgaagcaatagaatgttttgatcacctgtttttcctgctgt 
gtttcagGTTCTGAACCTCTTCTTGGCCTTGCTTTTGAGTTCCTTCAGTTCTGACAATCTTG 

CTGCCACTGATGATGATA 

ACGAAATGAATAATCTCCAGATTGCTGTGGGAAGGATGCAGAAAGGAATCGATTTT 
GTTAAAAGAAAAATACGTGAATTT 

ATTCAGAAAGCCTTTGTTAGGAAGCAGAAAGCTTTAGATGAAATTAAA.CCGCTTGAA 
GATCTAAATAATAAAAAAGACAG 

CTGTATTTCCAACCATACCACCATAGAAATAGGCAAAGACCTCAATTATCTCAAAGA 
CGGAAATGGAACTACTAGTGGCA 
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TAGGCAGCAGTGTAGAAAAATATGTCGTGGATGAAAGTGATTACATGTCATTTATAA - 
ACAACCCTAGCCTCACTGTGACA 

GTACCAATTGCTGTTGGAGAATCTGACTTTGAAAATTTAAATACTGAAGAATTGAGC 
AGCGAGTCAGATATGGAGGAAAG 

CAAAGAGgtaaaatgttaaataaggagatattttggtgtatataatctgtgttaaatatcaggtgtttaatgcgtgtctc 
tgt 

exon 1 8 (formerly exon 1 5) 
atctctatactaggctcaaacagaagttatttccgttgttagcaccatatttttaaaagaaaaaaaaatactatggtgtt 
gtatctaatnttgtgacccctgacctttaccaaagcggattggcattatgtttaagttcttaattacagatcaagaaaaa 
tgcatacagaagatgggggggggcacacctaattaatttttatatttagattaaagaaaataattaaatgtgtttttttg 
tgggattgattttcagAAGCTAAATGCAACTAGTTCATCTGAAGGCAGCACGGTTGATATTGG 
AGCTCCCGCCGAGGGAG 

AACAGCCTGAGGTTGAACCTGAGGAATCCCTTGAACCTGAAGCCTGTTTTACAGAAG 
nnminnnnnaagcaaaacaataa 

catatgtggtcttgagtatcctcttttctacccattttttcctatttatttaaatgtctgtttatttgtctaccatctag 

ttcatctatctatctgtatctatctatctatctatctatctagtaatcatctatacctatccaacaactgtacatttatt 

tgttttttttttttgcatttgctgtttgaaaaaaaatgcaacgttttaaaggcaa 

exon 1 9 (formerly exon 1 6) 
gatagcttttgtaagcggaagctatcttaaaaattaatgttatttacaatgtattatcaggtaataatgtaaatgaatct 
cccaccaacacaaatatacctaatcaaagagtaattttttgtcttcatttttttcccacatattttagACTGTGTACGGA 
AGTTCAAGTGTTGTCAGATAAGCATAGAAGAAGGCAAAGGGAAACTCTGGTGGAAT 
TTGAGGAAAACATGCTATAAGATA 

GTGGAGCACAATTGGTTCGAAACCTTCATTGTCTTCATGATTCTGCTGAGCAGTGGG 
GCTCTGgtaggtgatgcatgatc 

cactccttcacctttcatctgaaatcttttccctttcccttcaatcaactcatattacccacttttaaattaaggtgttt 

exon 20 (formerly exon 17) 
aaattactgaaacccttggttgactgaaatgcccagtcagcagtcatttatgatcagataatgataaagtaaaattcagc 
catgggaaacattaaaccttccagccttaggcacctgataagagcttgcatcgtttccttttttaagaaatcatcaatta 
gagactgtttctgatcataaaatttaatagaattttttgacttacagGCCTTTGAAGATATATACATTGAGCAGCGA 

AAA 

ACCATTAAGACCATGTTAGAATATGCTGACAAGGTTTTCACTTACATATTCATTCTG 
GAAATGCTGCTAAAGTGGGTTGC 

ATATGGTTTTCAAGTGTATTTTACCAATGCCTGGTGCTGGCTAGACTTCCTGATTGTT 
GATgtgagtatgctgcactttg 

ctgctttattcattggcatatatgtaatagttctagcaatggtgcctgacacagtgtaggcactcagtaacactgtatca 
gcccaaatataaattatgtttctcatttcacagtgagaggatgcctcaaaacattttttaccaatttaaatacatataca 
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exon 21 (formerly exon 18) 
aaattcttaggcctttccccaaacttactaagtcagactctgctattggtgtttttaacaagacccctgggtgattttga 
aactcatgaaagttcgagaattactgattcattgcatagagcaaggctgaactgtgtagacatttttatatgtaaataag 
aaaattgtgttgctttttctgtatagGTCTCACTGGTTAGCTTAACTGCAAATGCCTTGGGTTACTCAG 
AACTTGGTGCC 

ATCAAATCCCTCAGAACACTAAGAGCTCTGAGGCCACTGAGAGCTTTGTCCCGGTTT 
GAAGGAATGAGGgtaagactgaa 

tgccttagagtttgtcagaattattattgagagcagactgacactttgtaccatggaaatgtcaaatttatggagaattt 
gtgtcttacacattcatactgacatagctaatcaatcaaaaataatatttaccagatgcccataatacttggcactgctg 

exon 22 (formerly exon 19) 
taatWaaaattcttagttggagctaccagagtctagtttctacccaatattcaacmgaaacagatttttttaatca 
tttgactgttcttttaataatgtttaaaaataagtaaatatttgttgttggcttttcacttatttttccttctcatcctg 

tgccagGTTGTTGTAAATGCTCTTTTAGGAGCCATTCCATCTATCATGAATGTACTTCTG 
GTTTGTCTGATCTTTTGGCT 

AATATTCAGTATCATGGGAGTGAATCTCTTTGCTGGCAAGTTTTACCATTGTATTAAT 
TACACCACTGGAGAGATGTTTG 

ATGTAAGCGTGGTCAACAACTACAGTGAGTGCAAAGCTCTCATTGAGAGCAATCAA 
ACTGCCAGGTGGAAAAATGTGAAA 

GTAAACTTTGATAACGTAGGACTTGGATATCTGTCTCTACTTCAAGTAgtaagtaatcactttat 
tattttccatgatgt 

gtaattaaaatgagtctaaagtttttcttcctcataatgagatatccacctgttagaatggctattatcaaacagataaa 
tgacaataaatgctggcaagaatgtgaagaaaagggaacccttgtacattgttggcagggatgtaaattagtatagcttt 

bo 

exon 23 (formerly exon 20) 
atttgaagtattttcaatgcatatcgcaaaacattgccccaaaagtgaatacaaatttcaagcttatttatatgcctgta 
ttgaatacatgtcaaatagaattttgatcaattattcaatttattttctaaaattataattttgggaaaaaagaaaatga 
tatgacttttcttacagGCCACGTTTAAGGGATGGATGGATATTATGTATGCAGCTGTTGATTCA 
CGAAATgtaagtcta 

gttagagggaaattgtttagtttgattaaatgtatatttctacaatattgtaatttagtgatattgtcaataaaataaaa 

ttatgtgcttaatttataaaacccatctatattataaggataaaatatttaatcatactatttctttcaaaattatcata 

ggatgattttctctaatcactctgtatcttttaacatatcttttctagtatttagcaaggcacctgacacaaaactttat 

exon 24 (formerly exon 21) 
taaaacatgcttagataattaaaaactcactgatgtactttttgtgaaacaagtactagatataatggttacaattcttc 
atattctttagGTAGAATTACAACCCAAGTATGAAGACAACCTGTACATGTATCTTTATTTT 
GTCATCTTTATTATTTTT 

GGTTCATTCTTTACCTTGAATCTTTTCATTGGTGTCATCATAGATAACTTCAACCAAC 
AGAAAAAGAAGataagtatatt 

aaaacttcatccttgctctgaaatatgaactaaatatttcatactctttcctttagcctccaaaatgcaatcaccaaaaa 
aagaatataaaattcagaaattattttgagacatttgataatcgat 
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exon 25 (formerly exon 22) 
tcgataagcttttaagcaattaataattcagatagcatgtttttgatatttttagtctagaaatatgactaatatggcat 
aatttatatattgaataaaggcatctctataaatacagatattagtaacaatagaatgaaatgtgggagccaattttcac 
atgattactaaggtggattttatagccagcaaagaacacaattttaacaagtgttgctttcatttctttacTTTGGAGGT 
CAAGACATTTTTATGACAGAAGAACAGAAGAAATACTACAATGCAATGAAAAAACT 
GGGTTCAAAGAAACCACAAAAACC 

CATACCTCGACCTGCTgtaagaataacatattttcattgcctgttaaaactatattacctaaccgtttcacagcccgaat 

ttctagaaactagttatttttgtggatttgtaacacaaagttttttaccttaacaatgggactagctagcctaaatagct 

tgaaaaatgtactttacatatataatatgtataaattatataatgcataacatattttatatgtaaacatataaaataca 

exon 26 (formerly exon 23) 
gttttgcaaggaatttttttttttgtaaaatgttgtgaggattaaagatgtgtttttataaaagctacattttttgttgc 
tttcttaaaatcagaagaattgaattcgattttttttaaggtttctaatggaacttttacatattatttgttccagAACA 
AATTCCAAGGAATGGTCTTTGATTTTGTAACCAAACAAGTCTTTGATATCAGCATCA 
TGATCCTCATCTGCCTTAACATG 

GTCACCATGATGGTGGAAACCGATGACCAGAGTCAAGAAATGACAAACArrCTGTA 
CTGGATTAATCTGGTGTTTATTGT 

TCTGTTCACTGGAGAATGTGTGCTGAAACTGATCTCTCTTCGTTACTACTATTTCACT 
ATTGGATGGAATATTTTTGATT 

TTGTGGTGGTCATTCTCTCCATTGTAGgtaagaagaggtgcttttattcagttaaggaatataglggtaaaaatatgtgt 

tttaaaactttagaggtgtttttcactaatctttctcattcatcccaaactcccaaataaaaatctaatagtccattgtt 

ttagttttagtttgccatttctctaattgcatgctgtgcttgaaatgatgagtggaatacaaggaatttatattttcagc 

tttcatttat 

exon 27 (formerly exon 24) 
aatgttataacaccaaacataccagtttcattttgctcaacaaacattgcagattatttgcatatatacatgtacctaac 
tgtcctgttcacattttgtaaaactaatgtacttatgtaaactttcatttgctactattaagtataacaatatttttgtt 

atttgttgattttctacagGAATGTTTCTGGCTGAACTGATAGAAAAGTATTTTGTGTCCCCTACC 
CTGTTCCGAGTGAT 

CCGTCTTGCCAGGATTGGCCGAATCCTACGTCTGATCAAAGGAGCAAAGGGGATCC 
GCACGCTGCTCTTTGCTTTGATGA 

TGTCCCTTCCTGCGTTGTTTAACATCGGCCTCCTTCTTTTCCTGGTCATGTTCATCTAC 
GCCATCTTTGGGATGTCCAAT 

TTTGCCTATGTTAAGAGGGAAGTTGGGATCGATGACATGTTCAACTTTGAGACCTTT 
GGCAACAGCATGATCTGCCTGTT 

CCAAATTACAACCTCTGCTGGCTGGGATGGATTGCTAGCACCTATTCTTAATAGTGG 
ACCTCCAGACTGTGACCCTGACA 

AAGATCACCCTGGAAGCTCAGTTAAAGGAGACTGTGGGAACCCATCTGTTGGGATTT 
TCTTTTTTGTCAGTTACATCATC 

ATATCCTTCCTGGTTGTGGTGAACATGTACATCGCGGTCATCCTGGAGAACTTCAGT 
GTTGCTACTGAAGAAAGTGCAGA 
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GCCTCTGAGTGAGGATGACTTTGAGATGTTCTATGAGGTTTGGGAGAAGTTTGATCC - 
CGATGCGACCCAGTTTATAGAGT 

TTGCCAAACTTTCTGATTTTGCAGATGCCCTGGATCCTCCTCTTCTCATAGCAAAACC 
CAACAAAGTCCAGCTCATTGCC 

ATGGATCTGCCCATGGTGAGTGGTGACCGGATCCACTGTCTTGACATCTTATTTGCTT 
TTACAAAGCGTGTTTTGGGTGA 

GAGTGGAGAGATGGATGCCCTTCGAATACAGATGGAAGAGCGATTCATGGCATCAA 
ACCCCTCCAAAGTCTCTTATGAGC 

CCATTACGACCACGTTGAAACGCAAACAAGAGGAGGTGTCTGCTATTATTATCCAGA 
GGGCTTACAGACGCTACCTCTTG 

AAGCAAAAAGTTAAAAAGGTATCAAGTATATACAAGAAAGACAAAGGCAAAGAAT 
GTGATGGAACACCCATCAAAGAAGA 

TACTCTCATTGATAAACTGAATGAGAATTCAACTCCAGAGAAAACCGATATGACGCC 
TTCCACCACGTCTCCACCCTCGT 

ATGATAGTGTGACCAAACCAGAAAAAGAAAAATTTGAAAAAGACAAATCAGAAAA 
GGAAGACAAAGGGAAAGATATCAGG 

GAAAGTAAAAAGTAAAAAGAAACCAAGAATTTTCCATTTTGTGATCAATTGTTTACA 
GCCCGTGATGGTGATGTGTTTGT 

GTCAACAGGACTCCCACAGGAGGTCTATGCCAAACTGACTGTTTTTACAAATGTATA 
CTTAAGGTCAGTGCCTATAACAA 

GACAGAGACCTCTGGTCAGCAAACTGGAACTCAGTAAACTGGAGAAATAGTATCGA 
TGGGAGGTTTCTATTTTCACAACC 

AGCTGACACTGCTGAAGAGCAGAGGCGTAATGGCTACTCAGACGATAGGAACCAAT 
TTAAAGGGGGGAGGGAAGTTAAAT 

TTTTATGTAAATTCAACATGTGACACTTGATAATAGTAATTGTCACCAGTGTTTATGT 
TTTAACTGCCACACCTGCCATA 

TTTTTACAAAACGTGTGCTGTGAATTTATCACTTTTCTTTTTAATTCACAGGTTGTTTA 
CTATTATATGTGACTATTTTT 

GTAAATGGGTTTGTGTTTGGGGAGAGGGATTAAAGGGAGGGAATTCTACATTTCTCT 
ATTGTATTGTATAACTGGATATA 

TTTTAAATGGAGGCATGCTGCAATTCTCATTCACACATAAAAAAATCACATCACAAA 
AGGGAAGAGTTTACTTCTTGTTT 

CAGGATGTTTTTAGATTTTTGAGGTGCTTAAATAGCTATTCGTATTTTTAAGGTGTCT 
CATCCAGAAAAAATTTAATGTG 

CCTGTAAATGTTCCATAGAATCACAAGCATTAAAGAGTTGTTTTATTTTTACATAACC 
CATTAAATGTACATGTATATAT 

GTATATATGTATATGTGCGTGTATATACATATATATGTATACACACATGCACACACA 
GAGATATACACATACCATTACAT 

TGTCATTCACAGTCCCAGCAGCATGACTATCACATTTTTGATAAGTGTCCTTTGGCAT 
AAAATAAAAATATCCTATCAGT 
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CCTTTCTAAGAAGCCTGAATTGACCAAAAAACATCCCCACCACCACTTTATAAAGTT . 
GATTCTGCTTTATCCTGCAGTAT 

TGTTTAGCCATCTTCTGCTCTTGGTAAGGTTGACATAGTATATGTCAATTTAAAAAAT 
AAAAGTCTGCTTTGTAAATAGT 

AATTTTACCCAGTGGTGCATGTTTGAGCAAACAAAAATGATGATTTAAGCACACTAC 
TTATTGCATCAAATATGTACCAC 

AGTAAGTATAGTTTGCAAGCTTTCAACAGGTAATATGATGTAATTGGTTCCATTATA 
GTTTGAAGCTGTCACTGCTGCAT 

GTTTATCTTGCCTATGCTGCTGTATCTTATTCCTTCCACTGTTCAGAAGTCTAATATG 
GGAAGCCATATATCAGTGGTAA 

AGTGAAGCAAATTGTTCTACCAAGACCTCATTCTTCATGTCATTAAGCAATAGGTTG 
CAGCAAACAAGGAAGAGCTTCTT 

GCTTTTTATTCTTCCAACCTTAATTGAACACTCAATGATGAAAAGCCCGACTGTACA 
AACATGTTGCAAGCTGCTTAAAT 

CTGTTTAAAATATATGGTTAGAGTTTTCTAAGAAAATATAAATACTGTAAAAAGTTC 
ATTTTATTTTATTTTTCAGCCTT 

TTGTACGTAAAATGAGAAATTAAAAGTATCTTCAGGTGGATGTCACAGTCACTATTG 
TTAGTTTCTGTTCCTAGCACTTT 

TAAATTGAAGCACTTCACAAAATAAGAAGCAAGGACTAGGATGCAGTGTAGGTTTC 
TGCTTTTTTATTAGTACTGTAAAC 

TTGCACACATTTCAATGTGAAACAAATCTCAAACTGAGTTCAATGTTTATTTGCTTTC 
AATAGTAATGCCTTATCATTGA 

AAGAGGCTTAAAGAAAAAAAAAATCAGCTGATACTCTTGGCATTGCTTGAATCCAA 
TGTTTCCACCTAGTCTTTTTATTC 

AGTAATCATCAGTCTTTTCCAATGTTTGTTTACACAGATAGATCTTATTGACCCATAT 
GGCACTAGAACTGTATCAGATA 

TAATATGGGATCCCAGCTTTTTTTCCTCTCCCACAAAACCAGGTAGTG/vAGTTATATT 
ACCAGTTACAGCAAAATACTTT 

GTGTTTCACAAGCAACAATAAATGTAGATTCTTTATACTGAAGCTATTGACTTGTAG 
TGTGTTGGTGAATGCATGCAGGA 

AGATGCTGTTACCATAAAGAACGGTAAACCACATTACAATCAAGCCAAAGAATAAA 
GGTTCGCTTATGTATATGTATTTa 

attgttgtctttgtttctatctttgaaatgccatttaaaggtagatttctatcatgtaaaaataatctatctgaaaaaca 
aatgtaaagaacacacatta 
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accatagagtgaatctcagaacaggaagcggaggcataagcagagaggattctggaaaggtctctttgttttcttatcca 

cagagaaagaaagaaaaaaaattgtaactaatttgtaaacctctgtggtcaaaaaaaaaaaaaaaaaaaaaagctgaaca 

gctgcagaggaagacacgttataccctaaccatcttggatgctgggctttgttatgctgtaattcataaggctctgtttt 

atcagagattatggagcaagaaaactgaagccaagccacatcaaggtttgacagggatgagatacctgtcaaggattcat 

agtagagtggcttactgggaaaggagcaaagaatctcttctagggatattgtaagaataaatgagataattcacagaagg 

gacctggagcttttccggaaaaaggtgctgtgactatctaaggggaaaagctgagagtctggaactagcctatcttccga 

ggacttagagacaacagtatgggaatttcaacgagacgtttttactttcttttgaccaagattcaaattctttattccag 

cccttgataagtaaataagaaggtaattcgtatgcaagaagctacacgtaattaaatgtgcaggatgaaaagATGGCACA 

GGCACTGTTGgTACCCCCAGGACCTGAAAGCTTCCGCCtTTTTACTAGAGAATCTCTT 

GCTGCTATCGAAAAACGTGCTG 

CAGAAGAGAAAGCCAAGAAGCCCAAAAAGGAACAAGATAATGATGATGAGAACAA 
ACCAAAGCCAAATAGTGACTTGGAA 

GCTGGAAAGAACCTTCCATTTATTTATGGAGACATTCCTCCAGAGATGGTGTCAGAG 
CCCCTGGAGGACCTGGATCCCTA 

CTATATCAATAAGAAAACTTTTATAGTAATGAATAAAGGAAAGGCAATTTCCCGATT 
CAGTGCCACCTCTGCCTTGTATA 

TTTTAACTCCACTAAACCCTGTTAGGAAAATTGCTABSAAGATTTTGGTACAirrCTTT 
ATTCAGCATGCTTATCATGTGC 

ACTATTTTGACCAACTGTGTATTTATGACCTTGAGCAACCCTCCTGACTGGACAAAG 
AATGTAGAGTACACATTCACTGG 

AATCTATACCTTTGAGTCACTTATAAAAATCTTGGCAAGAGGGTTTTGCTTAGAAGA 
TTTTACGTTTCTTCGTGATCCAT 

GGAACTGGCTGGATTTCAGTGTCATTGTGATGGCATATGTGACAGAGTTTGTGGACC 
TGGGCAATGTCTCAGCGTTGAGA 

ACATTCAGAGTTCTCCGAGCACTGAAAACAATTTCAGTCATTCCAGGTTTAAAGACC 
ATTGTGGGGGCCCTGATCCAGTC 

GGTAAAGAAGCTTTCTGATGTGATGATCCTGACTGTGTTCTGTCTGAGCGTGTTTGCT 
CTCATTGGGCTGCAGCTGTTCA 

TGGGCAATCTGAGGAATAAATGTTTGCAGTGGCCCCCAAGCGATTCTGCTTTTGAAA 
CCAACACCACTTCCTACTTTAAT 

GGCACAATGGATTCAAATGGGACATTTGTTAATGTAACAATGAGCACATTTAACTGG 
AAGGATTACATTGGAGATGACAG 

TCACTTTTATGTTTTGGATGGGCAAAAAGACCCTTTACTCTGTGGAAATGGCTCAGA 
TGCAGGCCAGTGTCCAGAAGGAT 

ACATCTGTGTGAAGGCTGGTCGAAACCCCAACTATGGCTACACAAGCTTTGACACCT 
TTAGCTGGGCTTTCCTGTCTCTA 

TTTCGACTCATGACTCAAGACTACTGGGAAAATCTTTACCAGTTGACATTACGTGCT 
GCTGGGAAAACATACATGATATT 

TTTTGTCCTGGTCATTTTCTTGGGCTCATTTTATTTGGTGAATTTGATCCTGGCTGTGG 
TGGCCATGGCCTATGAGGGGC 
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AGAATCAGGCCACCTTGGAAGAAGCAGAACAAAAAGAGGCCGAATTTCAGCAGATG ■ 
CTCGAACAGCTTAAAAAGCAACAG 

GAAGAAGCTCAGGCAGTTGCGGCAGCATCAGCTGCTTCAAGAGATTTCAGTGGAAT 
AGGTGGGTTAGGAGAGCTGTTGGA 

AAGTTCTTCAGAAGCATCAAAGTTGAGTTCCAAAAGTGCTAAAGAATGGAGGAACC 
GAAGGAAGAAAAGAAGACAGAGAG 

AGCACCTTGAAGGAAACAACAAAGGAGAGAGAGACAGCTTTCCCAAATCCGAATCT 
GAAGACAGCGTCAAAAGAAGCAGC 

TTCCTTTTCTCCATGGATGGAAACAGACTGACCAGTGACAAAAAATTCTGCTCCCCT 
CATCAGTCTCTCTTGAGTATCCG 

TGGCTCCCTGTTTTCCCCAAGACGCAATAGCAAAACAAGCATTTTCAGTTTCAGAGG 
TCGGGCAAAGGATGTTGGATCTG 

AAAATGACTTTGCTGATGATGAACACAGCACATTTGAAGACAGCGAAAGCAGGAGA 
GACTCACTGTTTGTGCCGCACAGA 

CATGGAGAGCGACGCAACAGTAACGGCACCACCACTGAAACGGAAGTCAGAAAGA 
GAAGGTTAAGCTCTTACCAGATTTC 

AATGGAGATGCTGGAGGATTCCTCTGGAAGGCAAAGAGCCGTGAGCATAGCCAGCA 
TTCTGACCAACACAATGGAAGAAC 

TTGAAGAATCTAGACAGAAATGTCCGCCATGCTGGTATAGATTTGCCAATGTGTTCT 
TGATCTGGGACTGCTGTGATGCA 

TGGTTAAAAGTAAAACATCTTGTGAATTTAATTGTTATGGATCCATTTGTTGATCTTG 
CCATCACTATTTGCATTGTCTT 

AAATACCCTCTTTATGGCCATGGAGCACTACCCCATGACTGAGCAATTCAGTAGTGT 
GTTGACTGTAGGAAACCTGGTCT 

TTACTGGGATTTTTACAGCAGAAATGGTTCTCAAGATCATTGCCATGGATCCTTATTA 
CTATTTCCAAGAAGGCTGGAAT 

ATCTTTGATGGAATTATTGTCAGCCTCAGTTTAATGGAGCTTGGTCTGTCAAATGTGG 
AGGGATTGTCTGTACTGCGATC 

ATTCAGACTGCTTAGAGTTTTCAAGTTGGCAAAATCCTGGCCCACACTAAATATGCT 
AATTAAGATCATTGGCAATTCTG 

TGGGGGCTCTAGGAAACCTCACCTTGGTGTTGGCCATCATCGTCTTCATTTTTGCTGT 
GGTCGGCATGCAGCTCTTTGGT 

AAGAGCTACAAAGAATGTGTCTGCAAGATCAATGATGACTGTACGCTCCCACGGTG 
GCACATGAACGACTTCTTCCACTC 

CTTCCTGATTGTGTTCCGCGTGCTGTGTGGAGAGTGGATAGAGACCATGTGGGACTG 
TATGGAGGTCGCTGGCCAAACCA 

TGTGCCTTATTGTTTTCATGTTGGTCATGGTCATTGGAAACCTTGTGGTTCTGAACCT 
CTTTCTGGCCTTATTGTTGAGT 

TCATTTAGCTCAGACAACCTTGCTGCTACTGATGATGACAATGAAATGAATAATCTG 
CAGATTGCAGTAGGAAGAATGCA 
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AAAGGGAATTGATTATGTGAAAAATAAGATGCGGGAGTGTTTCCAAA^iAGCCTTTTT^ 
TAGAAAGCCAAAAGTTATAGAAA 

TCCATGAAGGCAATAAGATAGACAGCTGCATGTCCAATAATACTGGAATTGAAATA 
AGCAAAGAGCTTAATTATCTTAGA 

GATGGGAATGGAACCACCAGTGGTGTAGGTACTGGAAGCAGTGTTGAAAAATACGT 
AATCGATGAAAATGATTATATGTC 

ATTCATAAACAACCCCAGCCTCACCGTCACAGTGCCAATTGCTGTTGGAGAGTCTGA 
CTTTGAAAACTTAAATACTGAAG 

AGTTCAGCAGTGAGTCAGAACTAGAAGAAAGCAAGGAGAAATTAAATGCAACCAGC 
TCATCTGAAGGAAGCACAGTTGAT 

GTTGTTCTACCCCGAGAAGGTGAACAAGCTGAAACTGAACCCGAAGAAGACCTTAA 
ACCGGAAGCTTGTTTTACTGAAGG 

ATGTATTAAAAAGTTTCCATTCTGTCAAGTAAGTACAGAAGAAGGCAAAGGGAAGA 
TCTGGTGGAATCTTCGAAAAACCT 

GCTACAGTATTGTTGAGCACAACTGGTTTGAGACTTTCATTGTGTTCATGATCCTTCT 
CAGTAGTGGTGCATTGGCCTTT 

GAAGATATATACATTGAACAGCGAAAGACTATCAAAACCATGCTAGAATATGCTGA 
CAAAGTCTTTACCTATATATTCAT 

TCTGGAAATGCTTCTCAAATGGGTTGCTTATGGATTTCAAACATATTTCACTAATGCC 
TGGTGCTGGCTAGATTTCTTGA 

TCGTTGATGTTTCTTTGGTTAGCCTGGTAGCCAATGCTCTTGGCTACTCAGAACTCGG 
TGCCATCAAATCATTACGGACA 

TTAAGAGCTTTAAGACCTCTAAGAGCCTTATCCCGGTTTGAAGGCATGAGGGTGGTT 
GTGAATGCTCTTGTTGGAGCAAT 

TCCCTCTATCATGAATGTGCTGTTGGTCTGTCTCATCTTCTGGTTGATCTTTAGCATC 
ATGGGTGTGAATTTGTTTGCTG 

GCAAGTTCTACCACTGTGTTAACATGACAACGGGTAACATGTTTGACATTAGTGATG 
TTAACAATTTGAGTGACTGTCAG 

GCTCTTGGCAAGCAAGCTCGGTGGAAAAACGTGAAAGTAAACTTTGATAATGTTGG 
CGCTGGCTATCTTGCACTGCTTCA 

AGTGGCCACATTTAAAGGCTGGATGGATATTATGTATGCAGCTGTTGATTCACGAGA 
TGTTAAACTTCAGCCTGTATATG 

AAGAAAATCTGTACATGTATTTATACTTTGTCATCTTTATCATCTTTGGGTCATTCTT 
CACTCTGAATCTATTCATTGGT 

GTCATCATAGATAACTTCAACCAGCAGAAAAAGAAGTTTGGAGGTCAAGACATCTTT 
ATGACAGAGGAACAGAAAAAATA 

TTACAATGCAATGAAGAAACTTGGATCCAAGAAACCTCAGAAACCCATACCTCGCC 
CAGCAAACAAATTCCAAGGAATGG 

TCTTTGATTTTGTAACCAGACAAGTCTTTGATATCAGCATCATGATCCTCATCTGCCT 
CAACATGGTCACCATGATGGTG 
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GAAACGGATGACCAGGGCAAATACATGACCCTAGTTTTGTCCCGGATCAACCTAGT 
GTTCATTGTTCTGTTCACTGGAGA 

ATTTGTGCTGAAGCTCGTCTCCCTCAGACACTACTACTTCACTATAGGCTGGAACAT 
CTTTGACTTTGTGGTGGTGATTC 

TCTCCATTGTAGGTATGTTTCTGGCTGAGATGATAGAAAAGTATTTTGTGTCCCCTAC 
CTTGTTCCGAGTGATCCGTCTT 

GCCAGGATTGGCCGAATCCTACGTCTGATCAAAGGAGCAAAGGGGATCCGCACGCT 
GCTCTTTGCTTTGATGATGTCCCT 

TCCTGCGTTGTTTAACATCGGCCTCCTGCTCTTCCTGGTCATGTTTATCTATGCCATCT 
TTGGGATGTCCAACTTTGCCT 

ATGTTAAAAAGGAAGCTGGAATTGATGACATGTTCAACTTTGAGACCTTTGGCAACA 
GCATGATCTGCTTGTTCCAAATT 

ACAACCTCTGCTGGATGGGATGGATTGCTAGCACCtATTCTTAATAGTGCACCACCCG 
ACTGTGACCCTGACACAATTCA 

CCCTGGCAGCTCAGTTAAGGGAGACTGTGGGAACCCATCTGTTGGGATTTTCTTTTTT 
GTCAGTTACATCATCATATCCT 

TCCTGGTGgTGGTGAACAGTTACATCGCGGTCATCCTGGAGAACTTCAGTGTTGCTA 
CTGAAGAAAGTGCAGAGCCCCTG 

AGTGAGGATGACTTTGAGATGTTCTATGAGGTTTGGGAAAAGTTTGATCCCGaTGCG 
ACCCAGTTTATAGAGTTCTCTAA 

ACTCTCTGATTTTGCAGCTGCCcTGGATCCTCCTCTTCTCATAGCAAAACCC/^CAAA 
GTCCAGCTTATTGCCATGGATC 

TGCCCATGGTCAGTGGTGACCGGATCCACTGTCTTGATATTTTATTTGCCTTTACAAA 
GCGTGTTTTGGGTGAGAGTGGA 

GAGATGGATGCCCTTCGAATACAGATGGAAGACAGGTTTATGGCATCAAACCCCTC 
CAAAGTCTCTTATGAGCCTATTAC 

AACCACTTTGAAACGTAAACAAGAGGAGGTGTCTGCCGCTATCATTCAGCGTAATTT 
CAGATGTTATCTTTTAAAGCAAA 

GGTTAAAAAATATATCAAGTAACTATAACAAAGAGGCAATAAAGGGGAGGATTGAC 
TTACCTATAAAACAAGACATGATT 

ATTGACAAACTgAATGgGAACTCCACTCCAGAAAAAACAGATGGGAGTTCCTCTACC 
ACCTCTCCTCCTTCCTATGATAG 

TGTAACAAAACCAGACAAGGAAAAGTTTGAGAAAGACAAACCAGAAAAAGAAAGC 
AAAGGAAAAGAGGTCAGAGAAAATC 

AAAAGTAAaaagaaacaaagaattatctttgtgatcaattgtttacagcctatgaaggtaaagtatatgtgtcaactgga 

cttcaagaggaggtccatgccaaactgactgttttaacaaatactcatagtcagtgcctatacaagacagtgaagtgacc 

tctctgtcactgcaactctgtgaagcagggtatcaacattgacaagaggttgctgtttttattaccagctgacactgctg 

aggagaaacccaatggctacctagactatagggatagttgtgcaaagtgaacattgtaactacaccaaacacctttagta 

cagtccttgcatccattctatttttaacttccatatctgccatatttttacaaaatttgttctagtgcatttccatggtc 

cccaattcatagtttattcataatgctatgtcactatttttgtaaatgaggtttacgttgaagaaacagtatacaagaac 
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cctgtctctcaaatgatcagacaaaggtgttttgccagagagataaaatttttgctcaaaaccagaaaaagaattgtaat 

ggctacagtttcagttacttccatmctagatggctttaattttgaaagtattttagtctgttatgtttgtttctatct 

gaacagttatgtgcctgtaaagtctcctctaatatttaaaggattatttttatgcaaagtattctgtttcagcaagtgca 

aattttattctaagtttcagagctctatatttaatttaggtcaaatgctttccaaaaagtaatctaataaatccattcta 

gaaaaatatatctaaagtattgctttagaatagttgttccactttctgctgcagtattgctttgccatcttctgctctca 

gcaaagctgatagtctatgtcaattaaataccctatgttatgtaaatagttattttatcctgtggtgcatgtttgggcaa 

atatatatatagcctgataaacaacttctattaaatcaaatatgtaccacagtgtatgtgtcttttgcaagcttccaaca 

gggatgtatcctgtatcattcattaaacatagtttaaaggctatcactaatgcatgttaatattgcctatgctgctctat 

tttactcaatccattcttcacaagtcttggttaaagaatgtcacatattggtgatagaatgaattcaacctgctctgtcc 

attatgtcaagcagaataatttgaagctatttacaaacacctttacttttgcacttttaattcaacatgagtatcatatg 

gtatctctctagatttcaaggaaacacactggatactgcctactgacaaaacctattcttcatattttgctaaaaatatg 

tctaaaacttgcgcaaatataaataatgtaaaaatataatcaactttatttgtcagcattttgtacataagaaaattatt 

ttcaggttgatgacatcacaatttattttactttatgcttttgcttttgatttttaatcacaattccaaacttttgaatc 

cataagatttttcaatggataatttcctaaaataaaagttagataatgggttttatggatttctttgttataatatattt 

tctaccattccaataggagatacattggtcaaacactcaaacctagatcattttctaccaactatggttgcctcaatata 

acctmattcatagatgttttttmattcaacttttgtagtatttacgtatgcagactagtcttattm^ 

tgctgcactaaagctattacaaatataacatggactttgttctttttagccatgaacaaagtggcaaagttgtgcaatta 

cctaacatgatataaatttttgttttttgcacaaaccaaaagtttaatgttaattctttttacaaaactatttactgtag 

tgtattgaagaactgcatgcagggaattgctattgctaaaaagaatggtgagctacgtcattattgagccaaaagaataa 

amcattttttattgcamcacttattggcctctggggtttmgltmgtttmgctgttggcagttta^^ 

atataattaataaaacctgtgcttgatctgacatttgtatacataaaagtttacatgaattttacaacagactagtgcat 

gattcaccaagcagtactacagaacaaaggcaaatgaaaagcagctttgtgcacttttatgtgtgcaaaggatcaagttc 

acatgttccaactttcaggtttgataataatagtagtaaccacctacaatagctttcaatttcaattaactcccttggct 

ataagcatctaaactcatcttctttcaatataattgatgctatctcctaattacttggtggctaataaatgttacattct 

ttgttacttaaatgcattatataaactcctatgtatacataaggtattaatgatatagttattgagaatttatattaact 

tttttttcaagaacccttggatttatgtgaggtcaaaaccaaactcttattctcagtggaaaactccagttgtaatgcat 

atttttaaagacaatttggatctaaatatgtatttcataattctcccataataaattatataaggtggctaa 


Seq- Id. No. 65 (confd) 


52/72 


accatagagtgaatctcagaacaggaagcggaggcataagcagagaggattctggaaaggtctctttgttttcttatcca 

cagagaaagaaagaaaaaaaattgtaactaatttgtaaacctctgtggtcaaaaaaaaaaaaaaaaaaaaaagctgaaca 

gctgcagaggaagacacgttataccctaaccatcttggatgctgggctttgttatgctgtaattcataaggctctgtttt 

atcagagattatggagcaagaaaactgaagccaagccacatcaaggtttgacagggatgagatacctgtcaaggattcat 

agtagagtggcttactgggaaaggagcaaagaatctcttctagggatattgtaagaataaatgagataattcacagaagg 

gacctggagcttttccggaaaaaggtgctgtgactatctaaggggaaaagctgagagtctggaactagcctatcttccga 

ggacttagagacaacagtatgggaatttcaacgagacgtttttactttcttttgaccaagattcaaattctttattccag 

cccttgataagtaaataagaaggtaattcgtatgcaagaagctacacgtaattaaatgtgcaggatgaaaagATGGCACA 

GGCACTGTTGgTACCCCCAGGACCTGAAAGCTTCCGCCtTTTTACTAGAGAATCTCTT 

GCTGCTATCGAAAAACGTGCTG 

CAGAAGAGAAAGCCAAGAAGCCCAAAAAGGAACAAGATAATGATGATGAGAACAA 
ACCAAAGCCAAATAGTGACTTGGAA 

GCTGGAAAGAACCTTCCATTTATTTATGGAGACATTCCTCCAGAGATGGTGTCAGAG 
CCCCTGGAGGACCTGGATCCCTA 

CTATATCAATAAGAAAACTTTTATAGTAATGAATAAAGGAAAGGCAATTTCCCGATT 

CAGTGCCACCTCTGCCTTGTATA 

TTTTAACTCCACTAAACCCTGTTAGGAAAATTGCTABSAAGATTTTGGTACATTCTTT 
ATTCAGCATGCTTATCATGTGC 

ACTATTTTGACCAACTGTGTATTTATGACCTTGAGCAACCCTCCTGACTGGACAAAG 
AATGTAGAGTACACATTCACTGG 

AATCTATACCTTTGAGTCACTTATAAAAATCTTGGCAAGAGGGTTTTGCTTAGAAGA 
TTTTACGTTTCTTCGTGATCCAT 

GGAACTGGCTGGATTTCAGTGTCATTGTGATGGCGTATGTAACAGAATTTGTAAGCC 
TAGGCAATGTTTCAGCCCTTCGA 

ACTTTCAGAGTCTTGAGAGCTCTGAAAACTATTTCTGTAATCCCAGGTTTAAAGACC 
ATTGTGGGGGCCCTGATCCAGTC 

GGTAAAGAAGCTTTCTGATGTGATGATCCTGACTGTGTTCTGTCTGAGCGTGTTTGCT 
CTCATTGGGCTGCAGCTGTTCA 

TGGGCAATCTGAGGAATAAATGTTTGCAGTGGCCCCCAAGCGATTCTGCTTITGAAA 

CCAACACCACTTCCTACTTTAAT 

GGCACAATGGATTCAAATGGGACATTTGTTAATGTAACAATGAGCACATTTAACTGG 
AAGGATTACATTGGAGATGACAG 

TCACTTTTATGTTTTGGATGGGCAAAAAGACCCTTTACTCTGTGGAAATGGCTCAGA 
TGCAGGCCAGTGTCCAGAAGGAT 

ACATCTGTGTGAAGGCTGGTCGAAACCCCAACTATGGCTACACAAGCTTTGACACCT 
TTAGCTGGGCTTTCCTGTCTCTA 

TTTCGACTCATGACTCAAGACTACTGGGAAAATCTTTACCAGTTGACATTACGTGCT 
GCTGGGAAAACATACATGATATT 

TTTTGTCCTGGTCATTTTCTTGGGCTCATTTTATTTGGTGAATTTGATCCTGGCTGTGG 
TGGCCATGGCCTATGAGGGGC 
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AGAATCAGGCCACCTTGGAAGAAGCAGAACAAAAAGAGGCCGAATTTCAGCAGATG ■ 
CTCGAACAGCTTAAAAAGCAACAG 

GAAGAAGCTCAGGCAGTTGCGGCAGCATCAGCTGCTTCAAGAGATTTCAGTGGAAT 
AGGTGGGTTAGGAGAGCTGTTGGA 

AAGTTCTTCAGAAGCATCAAAGTTGAGTTCCAAAAGTGCTAAAGAATGGAGGAACC 
GAAGGAAGAAAAGAAGACAGAGAG 

AGCACCTTGAAGGAAACAACAAAGGAGAGAGAGACAGCTTTCCCAAATCCGAATCT 
GAAGACAGCGTCAAAAGAAGCAGC 

TTCCTTTTCTCCATGGATGGAAACAGACTGACCAGTGACAAAAAATTCTGCTCCCCT 
CATCAGTCTCTCTTGAGTATCCG 

TGGCTCCCTGTTTTCCCCAAGACGCAATAGCAAAACAAGCATTTTCAGTTTCAGAGG 
TCGGGCAAAGGATGTTGGATCTG 

AAAATGACTTTGCTGATGATGAACACAGCACATTTGAAGACAGCGAAAGCAGGAGA 
GACTCACTGTTTGTGCCGCACAGA 

CATGGAGAGCGACGCAACAGTAACGGCACCACCACTGAAACGGAAGTCAGAAAGA 
GAAGGTTAAGCTCTTACCAGATTTC 

AATGGAGATGCTGGAGGATTCCTCTGGAAGGCAAAGAGCCGTGAGCATAGCCAGCA 
TTCTGACCAACACAATGGAAGAAC 

TTGAAGAATCTAGACAGAAATGTCCGCCATGCTGGTATAGATTTGCCAATGTGTTCT 
TGATCTGGGACTGCTGTGATGCA 

TGGTTAAAAGTAAAACATCTTGTGAATTTAATTGTTATGGATCCATTTGTTGATCTTG 
CCATCACTATTTGCATTGTCTT 

AAATACCCTCTTTATGGCCATGGAGCACTACCCCATGACTGAGCAATTCAGTAGTGT 
GTTGACTGTAGGAAACCTGGTCT 

TTACTGGGATTTTTACAGCAGAAATGGTTCTCAAGATCATTGCCATGGATCCTTATTA 
CTATTTCCAAGAAGGCTGGAAT 

ATCTTTGATGGAATTATTGTCAGCCTCAGTTTAATGGAGCTTGGTCTGTCAAATGTGG 
AGGGATTGTCTGTACTGCGATC 

ATTCAGACTGCTTAGAGTTTTCAAGTTGGCAAAATCCTGGCCCACACTAAATATGCT 
AATTAAGATCATTGGCAATTCTG 

TGGGGGCTCTAGGAAACCTCACCTTGGTGTTGGCCATCATCGTCTTCATTTTTGCTGT 
GGTCGGCATGCAGCTCTTTGGT 

AAGAGCTACAAAGAATGTGTCTGCAAGATCAATGATGACTGTACGCTCCCACGGTG 
GCACATGAACGACTTCTTCCACTC 

CTTCCTGATTGTGTTCCGCGTGCTGTGTGGAGAGTGGATAGAGACCATGTGGGACTG 
TATGGAGGTCGCTGGCCAAACCA 

TGTGCCTTATTGTTTTCATGTTGGTCATGGTCATTGGAAACCTTGTGGTTCTGAACCT 
CTTTCTGGCCTTATTGTTGAGT 

TCATTTAGCTCAGACAACCTTGCTGCTACTGATGATGACAATGAAATGAATAATCTG 
CAGATTGCAGTAGGAAGAATGCA 
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AAAGGGAATTGATTATGTGAAAAATAAGATGCGGGAGTGTTTCCAAAAAGCCTTTTT 
TAGAAAGCCAAAAGTTATAGAAA 

TCCATGAAGGCAATAAGATAGACAGCTGCATGTCCAATAATACTGGAATTGAAATA 
AGCAAAGAGCTTAATTATCTTAGA 

GATGGGAATGGAACCACCAGTGGTGTAGGTACTGGAAGCAGTGTTGAAAAATACGT 
AATCGATGAAAATGATTATATGTC 

ATTCATAAACAACCCCAGCCTCACCGTCACAGTGCCAATTGCTGTTGGAGAGTCTGA 
CTTTGAAAACTTAAATACTGAAG 

AGTTCAGCAGTGAGTCAGAACTAGAAGAAAGCAAGGAGAAATTAAATGCAACCAGC 
TCATCTGAAGGAAGCACAGTTGAT 

GTTGTTCTACCCCGAGAAGGTGAACAAGCTGAAACTGAACCCGAAGAAGACCTTAA 
ACCGGAAGCTTGTTTTACTGAAGG 

ATGTATTAAAAAGTTTCCATTCTGTCAAGTAAGTACAGAAGAAGGCAAAGGGAAGA 
TCTGGTGGAATCTTCGAAAAACCT 

GCTACAGTATTGTTGAGCACAACTGGTTTGAGACTTTCATTGTGTTCATGATCCTTCT 
CAGTAGTGGTGCATTGGCCTTT 

GAAGATATATACATTGAACAGCGAAAGACTATCAAAACCATGCTAGAATATGCTGA 
CAAAGTCTTTACCTATATATTCAT 

TCTGGAAATGCTTCTCAAATGGGTTGCTTATGGATTTCAAACATATTTCACTAATGCC 
TGGTGCTGGCTAGATTTCTTGA 

TCGTTGATGTTTCTTTGGTTAGCCTGGTAGCCAATGCTCTTGGCTACTCAGAACTCGG 
TGCCATCAAATCATTACGGACA 

TTAAGAGCTTTAAGACCTCTAAGAGCCTTATCCCGGTTTGAAGGCATGAGGGTGGTT 
GTGAATGCTCTTGTTGGAGCAAT 

TCCCTCTATCATGAATGTGCTGTTGGTCTGTCTCATCTTCTGGTTGATCTTTAGCATC 
ATGGGTGTGAATTTGTTTGCTG 

GCAAGTTCTACCACTGTGTTAACATGACAACGGGTAACATGTTTGACATTAGTGATG 
TTAACAATTTGAGTGACTGTCAG 

GCTCTTGGCAAGCAAGCTCGGTGGAAAAACGTGAAAGTAAACTTTGATAATGTTGG 
CGCTGGCTATCTTGCACTGCTTCA 

AGTGGCCACATTTAAAGGCTGGATGGATATTATGTATGCAGCTGTTGATTCACGAGA 
TGTTAAACTTCAGCCTGTATATG 

AAGAAAATCTGTACATGTATTTATACTTTGTCATCTTTATCATCTTTGGGTCATTCTT 
CACTCTGAATCTATTCATTGGT 

GTCATCATAGATAACTTCAACCAGCAGAAAAAGAAGTTTGGAGGTCAAGACATCTTT 
ATGACAGAGGAACAGAAAAAATA 

TTACAATGCAATGAAGAAACTTGGATCCAAGAAACCTCAGAAACCCATACCTCGCC 
CAGCAAACAAATTCCAAGGAATGG 

TCTTTGATTTTGTAACCAGACAAGTCTTTGATATCAGCATCATGATCCTCATCTGCCT 
CAACATGGTCACCATGATGGTG 
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GAAACGGATGACCAGGGCAAATACATGACCCTAGTTTTGTCCCGGATCAACCTAGT • 
GTTCATTGTTCTGTTCACTGGAGA 

ATTTGTGCTGAAGCTCGTCTCCCTCAGACACTACTACTTCACTATAGGCTGGAACAT 
CTTTGACTTTGTGGTGGTGATTC 

TCTCCATTGTAGGTATGTTTCTGGCTGAGATGATAGAAAAGTATTTTGTGTCCCCTAC 
CTTGTTCCGAGTGATCCGTCTT 

GCCAGGATTGGCCGAATCCTACGTCTGATCAAAGGAGCAAAGGGGATCCGCACGCT 
GCTCTTTGCTTTGATGATGTCCCT 

TCCTGCGTTGTTTAACATCGGCCTCCTGCTCTTCCTGGTCATGTTTATCTATGCCATCT 
TTGGGATGTCCAACTTTGCCT 

ATGTTAAAAAGGAAGCTGGAATTGATGACATGTTCAACTTTGAGACCTTTGGCAACA 
GCATGATCTGCTTGTTCCAAATT 

ACAACCTCTGCTGGATGGGATGGATTGCTAGCACCtATTCTTAATAGTGCACCACCCG 
ACTGTGACCCTGACACAATTCA 

CCCTGGCAGCTCAGTTAAGGGAGACTGTGGGAACCCATCTGTTGGGATTTTCTTTTTT 
GTCAGTTACATCATCATATCCT 

TCCTGGTGgTGGTGAACAGTTACATCGCGGTCATCCTGGAGAACTTCAGTGTTGCTA 
CTGAAGAAAGTGCAGAGCCCCTG 

AGTGAGGATGACTTTGAGATGTTCTATGAGGTTTGGGAAAAGTTTGATCCCGaTGCG 
ACCCAGTTTATAGAGTTCTCTAA 

ACTCTCTGATTTTGCAGCTGCCcTGGATCCTCCTCTTCTCATAGCAAAACCCAACAAA 
GTCCAGCTTATTGCCATGGATC 

TGCCCATGGTCAGTGGTGACCGGATCCACTGTCTTGATATTTTATTTGCCTTTACAAA 
GCGTGTTTTGGGTGAGAGTGGA 

GAGATGGATGCCCTTCGAATACAGATGGAAGACAGGTTTATGGCATCAAACCCCTC 
CAAAGTCTCTTATGAGCCTATTAC 

AACCACTTTGAAACGTAAACAAGAGGAGGTGTCTGCCGCTATCATTCAGCGTAATTT 
CAGATGTTATCTTTTAAAGCAAA 

GGTTAAAAAATATATCAAGTAACTATAACAAAGAGGCAATAAAGGGGAGGATTGAC 
TTACCTATAAAACAAGACATGATT 

ATTGACAAACTgAATGgGAACTCCACTCCAGAAAAAACAGATGGGAGTTCCTCTACC 
ACCTCTCCTCCTTCCTATGATAG 

TGTAACAAAACCAGACAAGGAAAAGTTTGAGAAAGACAAACCAGAAAAAGAAAGC 
AAAGGAAAAGAGGTCAGAGAAAATC 

AAAAGTAAaaagaaacaaagaattatctttgtgatcaattgtttacagcctatgaaggtaaagtatatgtgtcaactgga 

cttcaagaggaggtccatgccaaactgactgttttaacaaatactcatagtcagtgcctatacaagacagtgaagtgacc 

Ictctgtcactgcaactctgtgaagcagggtatcaacattgacaagaggttgctgtttttattaccagctgacactgctg 

aggagaaacccaatggctacctagactatagggatagttgtgcaaagtgaacattgtaactacaccaaacacctttagta 

cagtccttgcatccattctatttttaacttccatatctgccatatttttacaaaatttgttctagtgcatttccatggtc 

cccaattcatagtttattcataatgctatgtcactatttttgtaaatgaggtttacgttgaagaaacagtatacaagaac 
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cctgtctctcaaatgatcagacaaaggtgttttgccagagagataaaatttttgctcaaaaccagaaaaagaattgtaat 

ggctacagtttcagttacttccattttctagatggctttaatmgaaagtattttagtctgttatgtttgtttc^ 

gaacagttatgtgcctgtaaagtctcctctaatatttaaaggattatttttatgcaaagtattctgtttcagcaagtgca 

aattttattctaagtttcagagctctatatttaatttaggtcaaatgctttccaaaaagtaatctaataaatccattcta 

gaaaaatatatctaaagtattgctttagaatagttgttccactttctgctgcagtattgctttgccatcttctgctctca 

gcaaagctgatagtctatgtcaattaaataccctatgttatgtaaatagttattttatcctgtggtgcatgtttgggcaa 

atatatatatagcctgataaacaacttctattaaatcaaatatgtaccacagtgtatgtgtcttttgcaagcttccaaca 

gggatgtatcctgtatcattcattaaacatagtttaaaggctatcactaatgcatgttaatattgcctatgctgctctat 

tttactcaatccattcttcacaagtcttggttaaagaatgtcacatattggtgatagaatgaattcaacctgctctgtcc 

attatgtcaagcagaataatttgaagctatttacaaacacctttacttttgcacttttaattcaacatgagtatcatatg 

gtatctctctagatttcaaggaaacacactggatactgcctactgacaaaacctattcttcatattttgctaaaaatatg 

tctaaaacttgcgcaaatataaataatgtaaaaatataatcaactttatttgtcagcattttgtacataagaaaattatt 

ttcaggttgatgacatcacaatttattttactttatgcttttgcttttgatttttaatcacaattccaaac^ 

cataagatttttcaatggataatttcctaaaataaaagttagataatgggttttatggatttctttgttataatatattt 

tctaccattccaataggagatacattggtcaaacactcaaacctagatcattttctaccaactatggttgcctcaatata 

accmtattcatagatgttttttmattcaactmgtagtatttacgtatgcagactagtcttatttttttaattcc 

tgctgcactaaagctattacaaatataacatggactttgttctttttagccatgaacaaagtggcaaagttgtgcaatta 

cctaacatgatataaatttttgttttttgcacaaaccaaaagtttaatgttaattctttttacaaaactatttactgtag 

tgtattgaagaactgcatgcagggaattgctattgctaaaaagaatggtgagctacgtcattattgagccaaaagaataa 

atttcattttttattgcatttcacttattggcctctggggttttttgtttttgttttttgctgttggcagtttaaaatat 

atataattaataaaacctgtgcttgatctgacatttgtatacataaaagtttacatgaattttacaacagactagtgcat 

gattcaccaagcagtactacagaacaaaggcaaatgaaaagcagctttgtgcacttttatgtgtgcaaaggatcaagttc 

acatgttccaactttcaggtttgataataatagtagtaaccacctacaatagctttcaatttcaattaactcccttggct 

ataagcatctaaactcatcttctttcaatataattgatgctatctcctaattacttggtggctaataaatgttacattct 

ttgttacttaaatgcattatataaactcctatgtatacataaggtattaatgatatagttattgagaatttatattaact 

tttttttcaagaacccttggatttatgtgaggtcaaaaccaaactcttattctcagtggaaaactccagttgtaatgcat 

atttttaaagacaatttggatctaaatatgtatttcataattctcccataataaattatataaggtggctaa 
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MAQALLVPPGPESFRLFTRESLAAIEKRAAEEKAKKPKKEQDNDDENKPKPNSDLEAGK 
NLPFIYGDIPPEMVSEPLEDL 

DPYYmKKTFIVMNKGKAISRFSATSALYILTPLNPVRKIAXKILVHSLFSMLIMCTlCmC 
VFMTLSNPPDWTKNVEYT 

FTGIYTFESLIKILARGFCLEDFTFLRDPWNWLDFSVIVMAYVTEFVDLGNVSALRTFRV 
LRALKTISVIPGLKTIVGAL 

IQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCLQWPPSDSAFETNTTSYFNGTMD 
SNGTFVNVTMSTFNWKDYIG 

DDSHFYVLDGQKDPLLCGNGSDAGQCPEGYICVKAGRNPNYGYTSFDTFSWAFLSLFRL 
MTQDYWENLYQLTLRAAGKTY 

MIFFVLVIFLGSFYLVNLILAVVAMAYEGQNQATLEEAEQKEAEFQQMLEQLKKQQEEA 
QAVAAASAASRDFSGIGGLGE 

LLESSSEASKLSSKSAKEWRNRRKKRRQREHLEGNNKGERDSFPKSESEDSVKRSSFLFS 
MDGNRLTSDKKFCSPHQSLL 

SIRGSLFSPRRNSKTSIFSFRGRAKDVGSENDFADDEHSTFEDSESRRDSLFVPHRHGERR 
NSNGTTTETEVRKRRLSSY 

QISMEMLEDSSGRQRAVSIASILTNTMEELEESRQKCPPCWYRFANVFLIWDCCDAWLK 
VKHLVNLIVMDPFVDLAITIC 

IVLNTLFMAMEHYPMTEQFSSVLTVGNLVFTGIFTAEMVLKIIAMDPYYYFQEGWNIFD 
GIIVSLSLMELGLSNVEGLSV 

LRSFRLLRVFKLAKSWPTLNMLIKIIGNSVGALGNLTLVLAIIVFIFAVVGMQLFGKSYKE 
CVCKINDDCTLPRWHMNDF 

FHSFLIVFRVLCGEWTETMWDCMEVAGQTMCLIVFMLVMVIGNLVVLNLFLALLLSSFS 
SDNLAATDDDNEMNNLQIAVG 

RMQKGIDYVKNKMRECFQKAFFRKPKVIEIHEGNKIDSCMSNNTGIEISKELNYLRDGN 
GTTSGVGTGSSVEKYVIDEND 

YMSFINNPSLTVTVPIAVGESDFENLNTEEFSSESELEESKEKLNATSSSEGSTVDVVLPRE 
GEQAETEPEEDLKPEACF 

TEGCIKKFPFCQVSTEEGKGKIWWNLRKTCYSIVEHNWFETFIVFMILLSSGALAFEDIYI 
EQRKTIKTMLEYADKVFTY 

IFILEMLLKWVAYGFQTYFTNAWCWLDFLIVDVSLVSLVANALGYSELGAIKSLRTLRA 
LRPLRALSREEGMRVVVNALV 

GAIPSIMNVLLVCLIFWLIFSIMGVNLFAGKFYHCVNMTTGNMFDISDVNNLSDCQALG 
KQARWKNVKVNFDNVGAGYLA 

LLQVATFKGWMDIMYAAVDSRDVKLQPVYEENLYMYLYFVIFIIFGSFFTLNLFIGVIID 
NFNQQKKKFGGQDIFMTEEQ 

KKYYNAMKKIGSKKPQKPIPRPANKFQGMVFDFVTRQVFDISIMILICLNMVTMMVET 
DDQGKYMTLVLSRINLVFIVLF 

TGEFVLKLVSLRHYYFTIGWNIFDFVVVILSIVGMFLAEMIEKYFVSPTLFRVIRLARIGRJ 
LRLIKGAKGIRTLLFALM 
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MSLPALFNIGLLLFLVMFIYAIFGMSNFAYVKKEAGIDDMFNFETFGNSMICLFQITTSAG- 
WDGLLAPILNSAPPDCDPD 

TIHPGSSVKGDCGNPSVGIFFFVSYIIISFLVVVNSYIAVILENFSVATEESAEPLSEDDFEM 
FYEVWEKFDPDATQFIE 

FSKLSDFAAALDPPLLIAKPNKVQLIAMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDA 
LRIQMEDRFMASNPSKVSYE 

PITTTLKRKQEEVSAAIIQRNFRCYLLKQRLKNISSNYNKEAIKGRIDLPIKQDMIIDKLNG 
NSTPEKTDGSSSTTSPPS 

YDSVTKPDKEKFEKDKPEKESKGKEVRENQK. 
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MAQALLVPPGPESFRLFTRESLAAIEKRAAEEKAKKPKKEQDNDDENKPKPNSDLEAGK ' 
NLPFIYGDIPPEMVSEPLEDL 

DPYYmKKTFIVMNKGKAISRFSATSALYILTPLNPVRKIAXKILVHSLFSMLIMCnLTNC 
VFMTLSNPPDWTKNVEYT 

FTGIYTFESLIKILARGFCLEDFTFLRDPWNWLDFSVIVMAYVTEFVSLGNVSALRTFRVL 
RALKTISVIPGLKTIVGAL 

IQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCLQWPPSDSAFETOTTSYFNGTMD 
SNGTFVNVTMSTFNWKDYIG 

DDSHFYVLDGQKDPLLCGNGSDAGQCPEGYICVKAGRNPNYGYTSFDTFSWAFLSLFRL 
MTQDYWENLYQLTLRAAGKTY 

MIFFVLVIFLGSFYLVNLILAVVAMAYEGQNQATLEEAEQKEAEFQQMLEQLKKQQEEA 
QAVAAASAASRDFSGIGGLGE 

LLESSSEASKLSSKSAKEWRNRRKKRRQREHLEGNNKGERDSFPKSESEDSVKRSSFLFS 
MDGNRLTSDKKFCSPHQSLL 

SIRGSLFSPRKNSKTSIFSFRGRAKDVGSENDFADDEHSTFEDSESRRDSLFVPHRHGERR 
NSNGTTTETEYRKRRLSSY 

QISMEMLEDSSGRQRAVSIASILTNTMEELEESRQKCPPCWYRFANVFLIWDCCDAWLK 
VKHLVNLIVMDPFVDLAITIC 

IVLNTLFMAMEHYPMTEQFSSVLTVGNLVFTGIFTAEMVLKIIAMDPYYYFQEGWNIFD 
GIIVSLSLMELGLSNVEGLSV 

LRSFRLLRVFKLAKSWPTLNMLIKIIGNSYGALGNLTLVLAIIVFIFAVVGMQLFGKSYKE 
CVCKINDDCTLPRWHMNDF 

FHSFLIVFRVLCGEWIETMWDCMEVAGQTMCLIYFMLVMVIGNLVVLNLFLALLLSSFS 
SDNLAATDDDNEMNNLQIAVG 

RMQKGIDYVKNKMRECFQKAFFRKPKVIEIHEGNKIDSCMSNNTGIEISKELNYLRDGN 
GTTSGVGTGSSVEKYVIDEND 

YMSFINNPSLTVTVPIAVGESDFENLNTEEFSSESELEESKEKLNATSSSEGSTVDVVLPRE 
GEQAETEPEEDLKPEACF 

TEGCIKKFPFCQVSTEEGKGKIWWNLRKTCYSIVEHNWFETFIVFMILLSSGALAFEDIYI 
EQRKTIKTMLEYADKVFTY 

IFILEMLLKWVAYGFQTYFTNAWCWLDFLIVDVSLVSLVANALGYSELGAIKSLRTLRA 
LRPLRALSRFEGMRVVVNALV 

GAIPSIMNVLLVCLIFWLIFSIMGVNLFAGKFYHCVNMTTGNMFDISDVNNLSDCQALG 
KQARWKNVKVNFDNVGAGYLA 

LLQVATFKGWMDIMYAAVDSRDVKLQPVYEENLYMYLYFVIFIIFGSFFTLNLFIGVIID 
NFNQQKKKFGGQDIFMTEEQ 

KKYYNAMKKLGSKKPQKPIPRPANKFQGMVFDFVTRQVFDISIMILICLNMVTMMVET 
DDQGKYMTLVLSRINLVFIVLF 

TGEFVLKLVSLRHYYFTIGWNIFDFVVVILSIVGMFLAEMIEKYFVSPTLFRVIRLARIGRI 
LRLIKGAKGIRTLLFALM 


Seq. Id. No. 68 
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MSLPALFNIGLLLFLVMFIYAIFGMSNFAYVKKEAGIDDMFNFETFGNSMICLFQITTSAG' 
WDGLLAPILNSAPPDCDPD 

TIHPGSSVKGDCGNPSVGIFFFVSYIIISFLVVVNSYIAVILENFSVATEESAEPLSEDDFEM 
FYEVWEKFDPDATQFIE 

FSKLSDFAAALDPPLLIAKPNKVQLIAMDLPMVSGDRIHCLDILFAFTKRVLGESGEMDA 
LRIQMEDRFMASNPSKVSYE 

PITTTLKRKQEEVSAAIIQRNFRCYLLKQRLKNISSNYNKEAIKGRIDLPIKQDMIIDKLNG 
NSTPEKTDGSSSTTSPPS 

YDSVTKPDKEKFEKDKPEKESKGKEVRENQK. 
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exon 01 (formerly exon 00a) 
aatgtatttatttaattgatgataaactgtaataaaatcatagttgtttgctctaaagtagatatgaaaggtcagatgaa 

acaataacatacatctggattgagaaatatcttaataactgatggattatttttattttctttatgtattgtgtgcttca 

atatcctaataaataatattagctaggttcactgatgtatagaatctttttctacatttagatatttcttgcaaatgttt 

taccagaaagcaacacaaaaatactatcagtgagtatgtgtttacactgttctctaaggagtcaaattcctcaccttgaa 

aataattcatcccaggaagagaaaaggttttcaaaagactagagcaggccacaagggagctttcgcaaaactctacacgt 

aaagggtaatgtaaacttaaaacctatttttcaaacagtaatttatatatcttttaattttagtagtttatgtgtgaaac 

aatcatgcaaaacaacaaagtgataaaattttttaaaaaaattagtgagatgcaaataactgaatatgtaaaaggtctca 

tacatatttatatgtagtagataagttacatttttttagtgtgttgggaaattttagctcacatcacctctctactgtca 

tcttggggcactttcatgactacccatgcttcatgcaggtttactttcctccctgtgacagaggataatgggaatgtttt 

ttctttggctcaattttgtgtgtgtccgccagtagatggcgtaccactttgagtgcgatcggcctttttttctttctttt 

tttttttcctcaaagctgttttctgatatatgttgggtACCATAGAGTGAATCTCAGAACAGGAAGCGGAGGC 

ATAAGCA 

GAGAGGATTCTGGAAAGGTCTCTTTGTTTTCTTATCCACAGAGAAAGAAAGAAAAA 
AAATTGTAACTAATTTGTAAACCT 

CTGTGGTCAAAAAAAAAAAAAAAAAAAAAAGCTGAACAGCTGCAGAGGAAGACAC 
GTTATACCCTAACCATCTTGGATGC 

TGGGCTTTGTTATGCTGTAATTCATAAGGCTCTGTTTTATCAGgtaagctgacaaaacatttcattatc 
tgcaccataga 

acctagctaccaggtcattttccttactttaaaatcatcttcatgctgctatttttaacccagtgttgtttaaatgtaaa 

ttacaggaaccaaaggcatcgtttgatgtgtaaactgcttactatttctttatctttcaaagaaaatagagcctgtctgg 

aaatggtgatttatggtacatactaggcatcaatggtcttgtgtttttgtagatgcttatgattaattgtattcagaaaa 

aatattttttattatactta 

exon (formerly exon 00b) 
agggaagaacagaaggatgctcaggagtgccagcatgccttcagaaagactaaatggatcaaggctgccaaagaaggggg 

agcacccctgtcccaaccctaggatcctggcagtggttcctggtcccattcttcctaaatcatgctagggcatgctttta 

acaagggtcaaatatcttgctttgcatcatccttgctttctcgatccagggccataaaaaaaaaaggaataaaacccaga 

cacagagccagagcacccctatgccaaatgtcaaagattataggctaatttcacctgtattctctttctacagAGATTAT 

GGAGCAAGAAAACTGAAGCCAAGCCACATCAAGGTTTGACAGGGATGAGATACCTG 

TCAAGGATTCATAGTAGAGTGGCT 

TACTGGGAAAGGAGCAAAGAATCTCTTCTAGGGATATTGTAAGAATAAATGAGATA 
ATTCACAGAAGGGACCTGGAGCTT 

TTCCGGAAAAAGGTGCTGTGACTATCTAAGgtaactaaacaacttctgggtataagtttgtttttgtggaaaataaa 
eta 

aaatctctactatttaacaaggacagctgtatcaggaccaaaagaaggcagaggggtgttttcttccttcctctaccagt 
ttgttcttccaaagaggcaaatacatacagggagacatagcacagatgaccttagggaatggaatgatgccaaaggctgt 
tgatgtaagaaagagagattaactcagttttttttttgtttttgtttttttgttgttgttgttgttgttttgagacagag 
tctctctctgtcgcccaggctggagtgcagtggcatgaac 
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exon 01c (formerly exon 00c) 
gatatattaaattttatgtattttaataaattataatgtgcatataatcattaataatatatatattccacaccaaggca 
tcagtaagaattaatttttaaagtctgctctaatgtgaatataaaattatgtaagaactctgtataataagctcacagag 
tacaagaaaggagaggaaaaaagtaaaagagaactgcgaaagaactatgagggatttccaaacagcaaaattgtcattga 
agccatgagaaactctactcactaaattctttaatttctcagcctacccaaatattgggcaaaccctaattctcttgcag 
GGGAAAAGCTGAGAGTCTGGAACTAGCCTATCTTCCGAGGACTTAGAGACAACAGT 
ATGGGAATTTCAACGAGACGTTTT 

TACTTTCTTTTGACCAAGATTCAAATTCTTTATTCCAGCCCTTGATAAGTAA/^TAAGA 
AGgtaaaggactatttatttgt 

aaaaagtttttcatgattttgtgatggcaccttgttccatatcatctcagataaatcagaataatttgtgaaaattactc 
ggtgatttccacattagatattttaaacctaatgttatttctaaaacaaaaaccaaccaggagaatccaattaagtaaaa 
tgtatgtattaatataaattagctattcccatctggaaaagggcagccatttctgtgttgaggtgcctcaatgatactga 
ggctgagacaggttagatgatacaggcataccattagcagcagactcaatactaacccag 

fi 

exon 02 (formerly exon 01) 
acaaagttatgaaaaggcggggggcaggatgcagaataattaagcaattttattgacaaactthactggcattactcttt 
tgctgaaagtatactatattttggcttacagtgtcaaaacagaattttttaaatgcttttaaaaaatggacaaaattata 
gatattcttgagtttaaatataatgtttatatattatatatactgtacattgtagaatggctaaatcaaactaattaaca 
ttaagtacagacttttgatagatttatgaacttggcttattgagaatgaggttgaatgatgatgttttcaagttcaaatg 
tgtagtgcagtactaaaagcatgacttaatgtttatagctttaaaaagttactaaagaatgacattttggttgatgttct 
tatgcccaatcgcttgctttcctaactcttgtgcaatttttctttttattgcagGTAATTCGTATGCAAGAAGCTACACG 
TAATTAAATGTGCAGGATGAAAAGATGGCACAGGCACTGTTGgTACCCCCAGGACCT 
GAAAGCTTCCGCCtTTTTACTAG 

AGAATCTCTTGCTGCTATCGAAAAACGTGCTGCAGAAGAGAAAGCCAAGAAGCCCA 
AAAAGGAACAAGATAATGATGATG 

AGAACAAACCAAAGCCAAATAGTGACTTGGAAGCTGGAAAGAACCTTCCATTTATT 
TATGGAGACATTCCTCCAGAGATG 

GTGTCAGAGCCCCTGGAGGACCTGGATCCCTACTATATCAATAAGAAAgtgagtattgatttta 
gacttctaataaatct 

ttaatgaaactcttaactgtaatatacttttctgggccttatatacagcatcacaatttttcttctgttaaagattttat 

aatactcttcactgtcacttatttttatcacaatataataaaacaaacatttataagaaatgaagtcaagagttggttac 

agtcaggaaatatgaatagatgaatgatttctacaatttcacagtgataattcagatagtcaaaa 

exon 03 (formerly exon 02) 
Igtaacyatatgttaatttaaacatctaacatgtttgtagttatgatatatcaactggtttaaacaaaccagtttgaaca 
aacaaattcyattttttaaaaaggtcctcatgtatgtaagctccttaaataagcccatgtctaatttagtaattttactc 
gtattttctgtttcagACTTTTATAGTAATGAATAAAGGAAAGGCAATTTCCCGATTCAGTGCC 
ACCTCTGCCTTGTATA 

TTTTAACTCCACTAAACCCTGTTAGGAAAATTGCTABSAAGATTTTGGTACATTCatatc 
cttttaatgtgaattgccta 

aatgctatttctaacagttgattttaaagaaaatgtcagttatattttcaagtatctgtaaaatttctttgagattaatg 
gtaacattgttagtttaattcatttatttgcat 
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exon 04 (formerly exon 03) 
gagtgcaccaaggccatatcacaggctttgaagtttcttattattttatcattgttttaaaacaaataatattaatttca 
cagtttttgcatcgataaacttttttgtgtgttttggatcatttataaatggccatggtaacctactaacatttattcct 
taactataatctacTTTATTCAGCATGCTTATCATGTGCACTATTTTGACCAACTGTGTATTTA 
TGACCTTGAGCAACCC 

TCCTGACTGGACAAAGAATGTAGAgtaagtaggaataacttctgggaatgagaaatgcacactcaaattctctagcaatc 

tccttgtgggtatagcctgacttatggtttccacttctgtctaagaaaagttattttcataatatgcagccggtaaggga 

ggtctttcgggggagctattcttctacgaggtaagtattttcccacaaaa 

exon 05 (formerly exon 04) 
aaaatttaccatttgyggctttccattacatttctatcagataactctgcgctagtaggtcaaactagatgattatccat 
aagatacatgaaactattattctaaaacccaaatagttaaaccagattagattcctaaagaatatattttctcttcagtt 
taactctttgctcaggcttgtaaaactaactaaatgaatagattatttggtaaatagaagtaaggaacaatattttaatg 
aattgaaaaaccacaaaaggataggatttgctatgattgaaaacatttattttaacagttcaagcaaaattgttaatttt 
ggcttggatgtttttcctagGTACACATTCACTGGAATCTATACCTTTGAGTCACTTATAAAAATC 
TTGGCAAGAGGGTT 

TTGCTTAGAAGATTTTACGTTTCTTCGTGATCCATGGAACTGGCTGGATTTCAGTGTC 
ATTGTGATGGCgtgagtaactt 

tgaaaatttgataagcgcaaaggagtgaaaatagtcatagtacaaacaaggtctttgtgtcatatattaaatgtagagct 

ttcttgttagtcaagttaactatatgggttgtgtattttcagaatacatattagaatacatattgcaatgtaaatatatc 

cagtaaatgatcaataaatggggttatcttcatgtcatatagtctttctcttcatcaaaat 

exon 06N (formerly exon 05N) 
atttgttaaactcacagggctctatgtgccaaacccagcattaagtccttatttagtataaactttgccaaaactatcag 
taactctgatttaattctgcagGTATGTAACAGAATTTGTAAGCCTAGGCAATGTTTCAGCCCTTCG 
AACTTTCAGAGTC 

TTGAGAGCTCTGAAAACTATTTCTGTAATCCCAGgtaagaagaaactggtgtaaggtagtaggccccttata 
tctccaac 

ttttcttgtgtgttattgtgtttgtgtgtgaactcccctattacag 

exon 06A (formerly exon 05 A) 
gtaagaagaaactggtgtaaggtagtaggccccttatatctccaacttttcttgtgtgttattgtgtttgtgtgtgaact 
cccctattacagATATGTGACAGAGTTTGTGGACCTGGGCAATGTCTCAGCGTTGAGAACAT 
TCAGAGTTCTCCGAGCAC 

TGAAAACAATTTCAGTCATTCCAGgtgagagctaggttaaacaccgaggttgactttaattattgagtttgaaatcaatt 

tatatgacttacagcattagccttgttgcttattattacagttcatcccggtaaataatgccaaatgatgtttcaatgtc 

agtttagctcctaaaattttataaattacatgcgtatttataaagtcagcctttgagtttaacagaaaattgcatgagac 

atcttcaaaaaatgctaatttgggcctcttgcgctctctctctctctttttcactaccatggctttactaacagatttgg 

attttaccattcgctgcagatgtagttcaaaaatg 
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exon 07 (formerly exon 06) 
aaacttcctgactagatatttaaaccttcatattgaatttccagcaagcacactgttcatgtgtaaaatctgctgttcat 
ctatttcccaaatcatcaggctatccatacagctttggtgtctaaatagtcaagcaatcatttatgggggaaagagaatg 
tgtgtgactattaagaaatcatgatttctggcactcttcctcaggtaacctatagttctctctctgcagGTTTAAAGACC 
ATTGTGGGGGCCCTGATCCAGTCGGTAAAGAAGCTTTCTGATGTGATGATCCTGACT 
GTGTTCTGTCTGAGCGTGTTTGC 

TCTCATTGGGCTGCAGCTGTTCATGGGCAATCTGAGGAATAAATGTTTGCAGTGGCC 
CCCAAGCGATTCTGCTTTTGAAA 

CCAACACCACTTCCTACTTTAATGGCACAATGGATTCAAATGGGACATTTGTTAATG 
TAACAATGAGCACATTTAACTGG 

AAGGATAACATTGGAGATGACAgtaagaagtattacattatgttaaccttagtgttgctgaatgaattttcaactataaa 
tagt 

exon 08 (formerly exon 07) 
tgagactgtgggtgtacagccacctttgtaaataactgaaatagtccaactctgatttattactaatactaatgtgaata 
ggattaatatgaaataaaatgggtttttttttgtattaacagGTCACTTTTATGTTTTGGATGGGCAAAi^AGACC 
CTTTA 

CTCTGTGGAAATGGTTCAGATGCAGGgtaagaaacataatatatatttttaagatatagaactctttgcgaaaaaaaaaa 

gtaggtaggaaaacaactacatggttatatgtgtagccttaccatgtatgcaataaagagcagtgctgctcccctaggaa 

gtgccttgtctgccttaccggattgccactggtcctaaactcacagcaattaaaaattatccctttgtgaagacctttcc 

ccaaaatttcacagttaagatgttcttaaattgatgctccaatgtgtgaaggcccagagtctgtctttgctgtacatcta 

tcagagctgttaggaaa 

exon 09 (formerly exon 08) 
aaagagtaaaaatatggtaaggtcagagccaaaagtgtgtggttgctagctttctgccattctaaatgtctrwaaawatt 
tatttgcatctaaattttctatcggtcttcctagtgaatttcatctgataagtttcacggtgggcaatcacctaaagtgt 
tctggaaattaaagcaagataattcgtcacagatagcagctttgggttttgaaaattcctataagtcaaataaattgaaa 
ttgctgtaatttctaaactgaccctacctccatttctctctcttatagCCAGTGTCCAGAAGGATACATCTGTGTGAAGG 
CTGGTCGAAACCCCAACTATGGCTACACAAGCTTTGACACCTTTAGCTGGGCTTTCC 
TGTCTCTATTTCGACTCATGACT 

CAAGACTACTGGGAAAATCTTTACCAGTTGgtaaggtccaaatgagcatgcataacatttatttttatagacatgtatga 
aatgaaaagcataggctgagt 
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exon 10 (formerly exon 09) 
agctaattagtctactgactatctaactgtggtaatcagatatttatttggggacattatactaaaatactgatggaatt 
atcccccatttcccctagACATTACGTGCTGCTGGGAAAACATACATGATATTTTTTGTCCXGGT 
CATTTTCTTGGGCTC 

ATTTTATTTGGTGAATTTGATCCTGGCTGTGGTGGCCATGGCCTATGAGGGGCAGAA 
TCAGGCCACCTTGGAAGAAGCAG 

AACAAAAAGAGGCCGAATTTCAGCAGATGCTCGAACAGCTTAAAAAGCAACAGGAA 
GAAGCTCAGgtactgagtgataaa 

mgcaaagatttatcattattattmttagtttctaagtagaaatagtgttatactatagagggtagattggaactgctttt 
tcattttatatatmggcattgtcattagacac 

exon 1 1 (formerly exon 10a) 
tgcaaactgttttcaaagctctgtgttctaaatagtgcctggctttgttttatgacagGCAGTTGCGGCAGCATCAGCTG 
CTTCAAGAGATTTCAGTGGAATAGGTGGGTTAGGAGAGCTGTTGGAAAGTTCTTCAG 
AAGCATCAAAGTTGAGTTCCAAA 

AGTGCTAAAGAATGGAGGAACCGAAGGAAGAAAAGAAGACAGAGAGAGCACCTTG 
AAGGAAACAACAAAGGAGAGAGAGA 

CAGCTTTCCCAAATCCGAATCTGAAGACAGCGTCAAAAGAAGCAGCTTCCTTTTCTC 
CATGGATGGAAACAGACTGACCA 

GTGACAAAAAATTCTGCTCCCCTCATCAGgtatgattttctactaagtgctctggtttctttgtcattgctattgctttt 

tagtttttgtattttgttttggtacacttttgtactatctgtacttcagttgagggacagggaactaacatttaatatag 

ttgtttaaa 

exon 12 (formerly exon 10b) 
gtgaagactaaatgaagtggttgtatacttagtaaattgcaaatcagtattgttagtcagaaaaacactctttgtactta 
aatttgctttaataaaaatatcaaaatatatgtgtcctctataaatttgattatccatgtttaagggcaagagtatacta 
actccaaagaaaacagatcctttaatattaatatttattaaataattgcgttcttcccctacccccatcccattcctttc 
ctttttgctttctctgcagTCTCTCTTGAGTATCCGTGGCTCCCTGTTTTCCCCAAGACGCAATAG 
CAAAACAAGCATTT 

TCAGTTTCAGAGGTCGGGCAAAGGATGTTGGATCTGAAAATGACTTTGCTGATGATG 
AACACAGCACATTTGAAGACAGC 

GAAAGCAGGAGAGACTCACTGTTTGTGCCGCACAGACATGGAGAGCGACGCAACAG 
TAACgttagtcaggccagtatgtc 

atccaggatggtgccagggcttccagcaaatggggaagatgcacagcactgtggattgcaatggtgtggtttccttggtg 

ggtggaccttcagctctaacgtcacctactgggcaacttccccagaggtgataatagatgacctagctgctactgacatt 

attcaccaatttg 
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exon 13 (formerly exon lOc) 
gaattctcttaaaggtactacctgtgatactttttttaaaaaaaaactgtttataacttagcaataattcaatattttat 
tcttgaaattcttacctggaaaattgcatgtagcatgatttgcaaagaaatgctatgtggtgttgtattacttattggga 
agagtggtttgagccatcagtatttggtttgcagGGCACCACCACTGAAACGGAAGTCAGAAAGAGAAGG 
TTAAGCTCTT 

ACCAGATTTCAATGGAGATGCTGGAGGATTCCTCTGGAAGGCAAAGAGCCGTGAGC 
ATAGCCAGCATTCTGACCAACACA 

ATGGAAGgtaagagcaggtcatggaacagccaactttctgtgattatgtgctttgtgaactattccttcttttcatagaa 
ttactgaagtctgttacccagatcgaactatatattagacctaagaatgtgatatatggtgtacattatcacattgntta 
caaaactaatattggccttattctttttgacttgggtccttaccttacttgcagagtgatatttcaacacttgatattat 
atcaat 

exon ^(formerly exon 11) 
tagtcattttaaaagcaaaatattaaattcaaagtgcttattttctgtattcaaaagagaaaaaagtcgatctatatgac 
attttaattaacattttctgaaaatatttaatgggattgtcttctcaagtttcttaagtaatatgaacttctattttcaa 
atataagcatcaattttgttaaataatgtaaaatctactagcaataataactcatttttgttgttatttactactcttcc 
ttgttattgtccctccagAACTTGAAGAATCTAGACAGAAATGTCCGCCATGCTGGTATAGATTT 
GCCAATGTGTTCTTG 

ATCTGGGACTGCTGTGATGCATGGTTAAAAGTAAAACATCTTGTGAATTTAATTGTT 
ATGGATCCATTTGTTGATCTTGC 

CATCACTATTTGCATTGTCTTAAATACCCTCTTTATGGCCATGGAGCACTACCCCATG 
ACTGAGCAATTCAGTAGTGTGT 

TGACTGTAGGAAACCTGgtaagtacatttgaagtttacttatttactttggtagatgtgggagagatagaccaaagggaa 
agatgtatttgtgctgtgttgaacccaaaaattatatcctctttcctcatagaaagaaatatctaaggaatattacaggg 
aatctcagagatacagcctaaaactcaactggtatgaatgctgattgtttaggccaatgtctgtgctgattgatcatggt 
gtcttaccagttgtaaacgtctcaaaat 

exon 15 (formerly exon 12) 
ctaagacttgaattgatttgtcactattctctcactttaaattttagatatttttattcctgtctaatgttcttctttat 
aaattcgtgtagcatcagtgttttcagtgctcttgatagtagtgctgatctctaattttttagGTCTTTACTGGGATTTT 
TACAGCAGAAATGGTTCTCAAGATCATTGCCATGGATCCTTATTACTATTtCCAAGAA 
GGCTGGAATATCTTTGATGGAA 

TTATTGTCAGCCTCAGTTTAATGGAGCTTGGTCTGTCAAATGTGGAGGGATTGTCTGT 
ACTGCGATCATTCAGACTGgta 

tctatttatatatatccctgtcgctcattggcacaacatttattttgaaattgaatcaatgtatatttatataattatta 

attttaattttaaatttacatcaatatgtgacattctaagaaaacatgtaaacatccyctttaaagctaaaccattttct 

aagaatgatgaaagcattcaaaatactctataatgattaggtatgtagggcacattagaaaacctacaagtactttctaa 

aactgtgttttaagtttatgaagcttttttggccttacagtctgtaaagatacgcaaataaaaatttagaccccagttaa 

ttttagctttttattaaccctact 
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exon 16 (formerly exon 13) 
tatttttatttttgcacttaaatgatattatgaccagatttacaattctaatattgttaacactattttttctggatttg 
aaattgaatcagttcagtatattttgagtttttacatctaccacgtgtggttctatgataccacatactaataaaataat 
gtctaaaattatattatgattactactaacagcatcttttcacttgattacagCTTAGAGTTTTCAAGTTGGCAA/W^TCC 
TGGCCCACACTAAATATGCTAATTAAGATCATTGGCAATTCTGTGGGGGCTCTAGGA 
AACCTCACCTTGGTGTTGGCCAT 

CATCGTCTTCATTTTTGCTGTGGTCGGCATGCAGCTCTTTGGTAAGAGCTACAAAGA 
ATGTGTCTGCAAGATCAATGATG 

ACTGTACGCTCCCACGGTGGCACATGAACGACTTCTTCCACTCCTTCCTGATTGTGTT 
CCGCGTGCTGTGTGGAGAGTGG 

ATAGAGACCATGTGGGACTGTATGGAGGTCGCTGGCCAAACCATGTGCCTTATTGTT 
TTCATGTTGGTCATGGTCATTGG 

AAACCTTGTGgtatgtatgtagtacaaatgctcataaattagaacaagagcagacagtagctaggaacgtggccagatgt 

agtaaacatatctctggtttatagtaagtggcctagactgaaatccccctattagcactcagagaataagcaagttattt 

aacttctcctgggctctggtttcccatttt 

exon 17 (formerly exon 14) 
ccttagagcaggatattaggtcctttaaagagtgtgtgacttagacatggcatctgaaatatagtaagcattcaataaac 
atttgttgaaataattttagcaaagatctatgagttccctttttaggctgttatttaaatgcatatttcaatattaarat 
aggcatttttctttttttcttttagGTTCTGAACCTCTTTCTGGCCTTATTGTTGAGTTCATTTAGCTCA 
GACAACCTTG 

CTGCTACTGATGATGACAATGAAATGAATAATCTGCAGATTGCAGTAGGAAGAATG 
CAAAAGGGAATTGATTATGTGAAA 

AATAAGATGCGGGAGTGTTTCCAAAAAGCCTTTTTTAGAAAGCCAAAAGTTATAGA 
AATCCATGAAGGCAATAAGATAGA 

CAGCTGCATGTCCAATAATACTGGAATTGAAATAAGCAAAGAGCTTAATTATCTTAG 
AGATGGGAATGGAACCACCAGTG 

GTGTAGGTACTGGAAGCAGTGTTGAAAAATACGTAATCGATGAAAATGATTATATGT 
CATTCATAAACAACCCCAGCCTC 

ACCGTCACAGTGCCAATTGCTGTTGGAGAGTCTGACTTTGAAAACTTAAATACTGAA 
GAGTTCAGCAGTGAGTCAGAACT 

AGAAGAAAGCAAGGAGgtaaggaatgcttttaaattttttgttccatttcctatgataaccatgtactacagttatttac 
tattttcattgtgcttatatgcattatcgaaxaagcaatgattgtaagt 

exon ^(formerly exon 15) 
taattattagtacataatgatcagtaatgctaatagagttaaatgctatcactacattttttttcacacaatgacacagt 
atttcccagttagttaaataaaagggggaaaatcacatctttgaaatgggattttgtttccagAAATTAAATGCAACCAG 
CTCATCTGAAGGAAGCACAGTTGATGTTGTTCTACCCCGAGAAGGTGAACAAGCTG 
AAACTGAACCCGAAGAAGACCTTA 

AACCGGAAGCTTGTTTTACTGAAGgtaaacaagctctgatgtgattaaatacaatctccccttgttctttacggagactg 

aatatgcctcatttaaaaaaaaaaatttagcaaacgaggtgtggtggcttatgcctgtaaccccaaaattttgggaggct 

acggtaggaggattgcttgaccccaggagtttgagaccaccctgggaaatgtagtaaggctttgcctctac 
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exon 19 (formerly exon 16) 
gaattctaagtagctggctgagtatataagtctgagaataattcattatacaggagggatgctgacgataactaggaaat 
gaaggagatggttaccctatgaaatgattacctggaagtggagtggggaaggggcaagaaagtttattttttcctattta 
agattaaaatatattttttaattaactatatttsatttttagGATGTATTAAAAAGTTTCCATTCTGTCAAGTAAGT 

ACA 

GAAGAAGGCAAAGGGAAGATCTGGTGGAATCTTCGAAAAACCTGCTACAGTATTGT 
TGAGCACAACTGGTTTGAGACTTT 

CATTGTGTTCATGATCCTTCTCAGTAGTGGTGCATTGgtaagtgaaatgcatattggcaagaatcagattct 
ggtgaaat 

agtttattctccaaaattaccagatgcaaacactgagcttcagaatcaaaagaaaaggcatatctgtgtcttgcagagct 

tggcacccaaggtttaacgatgcaaaattcagttctgaacaaatcagcaccatgaaacagccagatggaatttctcatct 

ggtgtttatctaacagatgttttcctcactgagacaaccatttgcagagacattctgtaacca 

exon 20 (formerly exon 17) 
ctagttagtctttagatttgtctcatgttcaatgtttatgtaaaatatcaataatcaaaattattcttttgtactcacta 
tlatactaagcaattttttcaaatatttagaagaagcaagccatttaagtaaaataaaatatttttgattcatagGCCTT 
TGAAGATATATACATTGAACAGCGAAAGACTATCAAAACCATGCTAGAATATGCTG 
ACAAAGTCTTTACCTATATATTCA 

TTCTGGAAATGCTTCTCAAATGGGTTGCTTATGGATTTCAAACATATTTCACTAATGC 
CTGGTGCTGGCTAGATTTCTTG 

ATCGTTGATgtaagtattttaagtgatttttataaaattgtttttaaaagaggcaagtttgacatttcatatgtttctgt 

tattaaaactttcactaataatgacataattatgcagttatttaaacaaaactgtaacatatgcaacaatgaggaatatc 

tcatgggaaagagtagaggaggtcctaaacatgggcagtg 

exon 21 (formerly exon 18) 
ctaactaataatttaagcacacatccatgaaggatctggcattgaactcaatcctgaattatcagtggtatatgcacaag 
ttgaaaaggggtccatggtataaaatatctaactggagatattgacacgtgttgataaatatgggcaagtattctggttt 
cattggttaaaaaaaagcaatagtatgagatgagactggcaatataagatgaccccactatgtggaagatgaaagttgcc 
aaggtatgtccaaattagtatttagtctgcattaaatagataccacaccctataccttcagtcaacagtttatttcttgg 
tgaactaattaattttttmcctmgtagGTTTCTTTGGTTAGCCTGGTAGCCAATGCTC 
GAACTCG 

GTGCCATCAAATCATTACGGACATTAAGAGCTTTAAGACCTCTAAGAGCCTTATCCC 
GGTTTGAAGGCATGAGGgtaaga 

agaatagacactctaattattcatgtcaaaaattacatgtaggtaatgatttagatagaaaagggtgccatactcttctg 
atatttatttcaatagaaattacagaattagaagc 
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exon 22 (formerly exon 1 9) 
ccagcatacaaacattttctgactccatcttactataccaggtttttaatgatttcttttcatactgtagcatattttgc 
tttccttaaaaccttagctctttagttgtgtcattgtttgttttccttcaaatatgtgctagaaaaattagaagaaacaa 
cttgtccacctagatttttatttaactcttttcaagcacatattaatactaaacaaatacattgaaggaatggtttccat 
tcaaaaggtttgtaagctatgttcccctcgctgtctcttctagGTGGTTGTGAATGCTCTTGTTGGAGCAATTCCC 
TCTA 

TCATGAATGTGCTGTTGGTCTGTCTCATCTTCTGGTTGATCTTTAGCATCATGGGTGT 
GAATTTGTTTGCTGGCAAGTTC 

TACCACTGTGTTAACATGACAACGGGTAACATGTTTGACATTAGTGATGTT/iACAAT 
TTGAGTGACTGTCAGGCTCTTGG 

CAAGCAAGCTCGGTGGAAAAACGTGAAAGTAAACTTTGATAATGTTGGCGCTGGCT 
ATCTTGCACTGCTTCAAGTGgtaa 

gtggctactgtacgagttttgaaaaagttttcaagatgtttcaaggaagattatttccctgatgttcttcgtttgaatga 

ctaacatttgacagcatgaaaaaaagttaatgataacacctataatatcagcttgaattgatcataaaaaagatgttaca 

attattttataatgtattttccttagtgttaagcttttagtatgttttaatgtgattttatatttct 

H 

exon 23 (formerly exon 20) 
aaaggaaacaagttccagactttaaatacaaatgtttttctatttcaattttatttcaatctcttgatatgaaatttcac 
aatattgtacaaaaagttatttgttataatactgtcagattttcatctggttaaatgtcattgttaggtgaaatttttat 
gaacaattcaaatatatgttatttacagGCCACATTTAAAGGCTGGATGGATATTATGTATGCAGCTGT 
TGATTCACGAG 

ATgtaagtatcactcaaatattatttataggttctagatttcttatggtgaatattggtggtaatttaaacactgataca 
tccaaaattctatattagaacatttaatattgcatataaaaaatgaacagtctgcttcaatatagatgatgcttgattaa 
tgtgtgcctaatatacaatatgtagctaatatgaaacg 

exon 24 (formerly exon 21) 
gtaaggcacaatgggaaaagagaatcaagaacaatcataaaacttgcaaaccttcattttactagatcatactagtttta 
aaaaattgtttttgtagaacaatatctcagggtaaggcaaaagtagcactgtattaagtaacagcactcaataaattact 
gatttagtgtaagtatttatagtatttttcatattatttaatattttcaatatcatttagGTTAAACTTCAGCCTGTATA 
TGAAGAAAATCTGTACATGTATTTATACTTTGTCATCTTTATCATCTTTGGGTCATTC 
TTCACTCTGAATCTATTCATTG 

GTGTCATCATAGATAACTTCAACCAGCAGAAAAAGAAGataagtattctttagcttttacctttcttcattct 

tgtctgttaatacagccaaataaccagaatacctgtggtcatgacagacttaaatcatgtttatattattttcagttgcc 
catgtggttatttaagctgcagggattccagcctctagtcagtggctcctctcaaagtttatctattggatagctttctg 
acccaaaaatgtgtccactccttcggacccatccaacgggtctccagtgctttagcttggcttacagagcctttcag 
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exon 25 (formerly exon 22) 

acccttgtgcctacttttaaacatagtataatcaaattaggatcctgtagcgatcagagttttatgtacgtaaggatttt 

gcataatattaagatattcagaatttcacataaatgggaaaagcaggataaatgtatatgtaggaggataatatccactt 

aaaaattagaaaagattaaaggaaagacaaatattttttgtgaaagtactattggaacacagaattgtaaccagttttat 

actatgtctttacTTTGGAGGTCAAGACATCTTTATGACAGAGGAACAGAAAAAATATTACA 

ATGCAATGAAGAAACTTG 

GATCCAAGAAACCTCAGAAACCCATACCTCGCCCAGCAgtaagaattacttgtctcctttaatgttccaaa 
gccatgcgt 

ccatatggtcaaattgagcaatgctctggagcagaacatattaggtgatatcaccaatattgagccctaattataaagtt 

catattttgcatcataattcacaacttctgcactcattaggagttaccacattccaaaaaaaggaggtaatgttctttat 

aatttgtgagttgaaaacttctagctcagggttcctaataaatacttccaaagcaaggttcactttcctgctaccaa 

n 

exon 26 (formerly exon 23) 

tatataaaccaaatatgctttgtttagctatataaattttttttccattttttttaacatgaagagaaaaaaagcacaca 

aaattgtttggggtaatatgaggagggtgcacatccatcccgtatgtggaagggctttatctacaattttactgcattat 

tctttatgaaatatatatagtaaccttatttctcttctctcactttctagAACAAATTCCAAGGAATGGTCTTTGATTTT 

GTAACCAGACAAGTCTTTGATATCAGCATCATGATCCTCATCTGCCTCAACATGGTC 

ACCATGATGGTGGAAACGGATGA 

CCAGGGCAAATACATGACCCTAGTTTTGTCCCGGATCAACCTAGTGTTCATTGTTCT 
GTTCACTGGAGAATTTGTGCTGA 

AGCTCGTCTCCCTCAGACACTACTACTTCACTATAGGCTGGAACATCTTTGACTTTGT 
GGTGGTGATTCTCTCCATTGTA 

Ggtaagaacagcttaattaccaagaggtatagttacagagaaacagttgccccaggaccttctagctgattaacatggaa 
attaggtctgagaataataatgcatatagatgtaaagttcaacactagcatatttgaataaaaactctgaaacctgggtt 
tattcacaaagctaactagttagaaaccatgttaggaataccagatttgggaaagaggtgaagaagacaggaaataaaca 
ttatcaggtactctcctaatcttaaaccaaggtcacagg 

exon 27 (formerly exon 24) 
aatctgtaatgctaatgcagggagtggatccaaatatttaataaaggctcatattcataacaagtttgttgtgttcatag 
accttaaaaaagataaagccatcatgtaaagtgaaaagatattatctgtttagctgtgttctatgttttccatagGTATG 
TTTCTGGCTGAGATGATAGAAAAGTATTTTGTGTCCCCTACCTTGTTCCGAGTGATCC 
GTCTTGCCAGGATTGGCCGAAT 

CCTACGTCTGATCAAAGGAGCAAAGGGGATCCGCACGCTGCTCTTTGCTTTGATGAT 
GTCCCTTCCTGCGTTGTTTAACA 

TCGGCCTCCTGCTCTTCCTGGTCATGTTTATCTATGCCATCTTTGGGATGTCCAACTTT 
GCCTATGTTAAAAAGGAAGCT 

GGAATTGATGACATGTTCAACTTTGAGACCTTTGGCAACAGCATGATCTGCTTGTTC 
CAAATTACAACCTCTGCTGGATG 
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GGATGGATTGCTAGCACCtATTCTTAATAGTGCACCACCCGACTGTGACCCTGACAC 
AATTCACCCTGGCAGCTCAGTTA 

ATCCTTCCTGGTGgTGGTGAAC 

AGTTACATCGCGGTCATCCTGGAGAACTTCAGTGTTGCTACTGAAGAAAGTGCAGAG 
CCCCTGAGTGAGGATGACTTTGA 

GATGTTCTATGAGGTTTGGGAAAAGTTTGATCCCGaTGCGACCCAGTTTATAGAGTTC 
TCTAAACTCTCTGATTTTGCAG 

CTGCCcTGGATCCTCCTCTTCTCATAGCAAAACCCAACAAAGTCCAGCTTATTGCCAT 
GGATCTGCCCATGGTCAGTGGT 

GACCGGATCCACTGTCTTGATATTTTATTTGCCTTTACAAAGCGTGTTTTGGGTGAGA 
GTGGAGAGATGGATGCCCTTCG 

AATACAGATGGAAGACAGGTTTATGGCATCAAACCCCTCCAAAGTCTCTTATGAGCC 
TATTACAACCACTTTGAAACGTA 

AACAAGAGGAGGTGTCTGCCGCTATCATTCAGCGTAATTTCAGATGTTATCTTTTAA 
AGCAAAGGTTAAAAAATATATCA 

AGTAACTATAACAAAGAGGCAATAAAGGGGAGGATTGACTTACCTATAAAACAAGA 
CATGATTATTGACAAACTgAATGg 

GAACTCCACTCCAGAAAAAACAGATGGGAGTTCCTCTACCACCTCTCCTCCTTCCTA 
TGATAGTGTAACAAAACCAGACA 

AGGAAAAGTTTGAGAAAGACAAACCAGAAAAAGAAAGCAAAGGAAAAGAGGTCAG 
AGAAAATCAAAAGTAAaaagaaaca 

aagaattatctttgtgatcaattgtttacagcctatgaaggtaaagtatatgtgtcaactggacttcaagaggaggtcca 

tgccaaactgactgttttaacaaatactcatagtcagtgcctatacaagacagtgaagtgacctctctgtcactgcaact 

ctgtgaagcagggtatcaacattgacaagaggttgctgtttttattaccagctgacactgctgaggagaaacccaatggc 

lacctagactatagggatagttgtgcaaagtgaacattgtaactacaccaaacacctttagtacagtccttgcatccatt 

ctatttttaacttccatatctgccatatttttacaaaatttgttctagtgcatttccatggtccccaattcatagtttat 

icataatgctatgtcactatttttgtaaatgaggtttacgttgaagaaacagtatacaagaaccctgtctctcaaatgat 

cagacaaaggtgttttgccagagagataaaatttttgctcaaaaccagaaaaagaattgtaatggctacagtttcagtta 

cttccattttctagatggctttaattttgaaagtattttagtctgttatgtttgtttctatctgaacagttatgtgcctg 

taaagtctcctctaatatttaaaggattatttttatgcaaagtattctgtttcagcaagtgcaaattttattctaagttt 

cagagctctatatttaatttaggtcaaatgctttccaaaaagtaatctaataaatccattctagaaaaatatatctaaag 

tattgctttagaatagttgttccactttctgctgcagtattgctttgccatcttctgctctcagcaaagctgatagtcta 

tgtcaattaaataccctatgttatgtaaatagttattttatcctgtggtgcatgtttgggcaaatatatatatagcctga 

taaacaacttctattaaatcaaatatgtaccacagtgtatgtgtcttttgcaagcttccaacagggatgtatcctgtatc 

attcattaaacatagtttaaaggctatcactaatgcatgttaatattgcctatgctgctctattttactcaatccattct 

tcacaagtcttggttaaagaatgtcacatattggtgatagaatgaattcaacctgctctgtccattatgtcaagcagaat 

aatttgaagctatttacaaacacctttacttttgcacttttaattcaacatgagtatcatatggtatctctctagatttc 

aaggaaacacactggatactgcctactgacaaaacctattcttcatattttgctaaaaatatgtctaaaacttgcgcaaa 

tataaataatgtaaaaatataatcaactttatttgtcagcattttgtacataagaaaattattttcaggttgatgacatc 
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acaatttattttactttatgcttttgcttttgatttttaatcacaattccaaacttttgaatccateaga^^ 
gataatttcctaaaataaaagttagataatgggttttatggatttctttgttataatatattttctaccattccaatagg 
agatacattggtcaaacactcaaacctagatcattttctaccaactatggttgcctcaatataaccttttattcatagat 
gttttt1±ttattcaactt±tgtagtatttacgtatgcagactagtcttattt^ 

lacaaatataacatggactttgttctttttagccatgaacaaagtggcaaagttgtgcaattacctaacatgatataaat 
ttttgttttttgcacaaaccaaaagtttaatgttaattctttttacaaaactatttactgtagtgtattgaagaactgca 
tgcagggaattgctattgctaaaaagaatggtgagctacgtcattattgagccaaaagaataaatttcattttttattgc 
atttcacttattggcctctggggltttttgtttttgttttttgctgttggca 

tgtgcttgatctgacatttgtatacataaaagtttacatgaattttacaacagactagtgcatgattcaccaagcagtac 

lacagaacaaaggcaaatgaaaagcagctttgtgcacttttatgtgtgcaaaggatcaagttcacatgttccaactttca 

ggtttgataataatagtagtaaccacctacaatagctttcaatttcaattaactcccttggctataagcatctaaactca 

tcttctttcaatataattgatgctatctcctaattacttggtggctaataaatgttacattctttgttacttaaatgcat 

tatataaactcctatgtatacataaggtattaatgatatagttattgagaatttatattaacttttttttcaagaaccct 

tggatttatgtgaggtcaaaaccaaactcttattctcagtggaaaactccagttgtaatgcatatttttaaagacaattt 

ggatctaaatatgtatttcataattctcccataataaattatataaggtggctaa 
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English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

LOCI FOR IDIOPATHIC GENERALIZED EPILEPSY, MUTATIONS, THEREOF AND METHOD USING 
SAME TO ASSESS, DIAGNOSE, PROGNOSE OR TREAT EPILEPSY. 

the specification of which 

(check one) 

la is attached hereto. 

□ was filed on as United States Application No. or PCI International 

Application Number ^ 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 
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(Number) (Country) (Day/Monthr/ear Filed) 
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(Number) (Country) (Day/MonthA'ear Filed) 
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(Number) (Country) (Day/Monthnrear Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 


application(s) listed below: 


60/167,623 

November 26, 1999 

(Application Serial No.) 

(Filing Date) 

(Application Serial No.) 

(Filing Date) 

(Application Serial No.) 

(Filing Date) 


I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 


(Application Serial No.) 

(Filing Date) 

(Status) 



(patented, pending, abandoned) 

(Application Serial No.) 

(Filing Date) 

(Status) 


(patented, pending, abandoned) 

(Application Serial No.) 

(Filing Date) 

(Status) 



(patented, pending, abandoned) 


1 hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Jean H. DUBUC - 26374 
Gaetan PMNCE- 33107 
Alain M, Leclerc - 37036 
Marc LUPIEN- 40461 


Send Correspondence to: 

GOUDREAU GAGE DUBUC 

3400 Stock Exchange Tower, 800 Place-Victoria, P.O. Box 242 
Montreal, Quebec, CANADA H4Z 1E9 

Direct Telephone Calls to: (name and telephone number) 
Charles Goyer (514) 397-7449 


Full name of sole or first inventor 


Guy A. Rouleau 


Sole or first inventor's signature 

Date 

F^es id e n ce 


4850 Cote Saint-Luc, Apt. 7, Montreal, Quebec, CANADA, H3W 2H2 


Citizenship 


Canadian 


Post Office Address 



Full name of second Inventor, if any 


Ronald G. Lafreniere 


Second inventor's signature 

Date 

Residence 


1264 Osborne Ave, Verdun, Quebec, CANADA, H4H 1X5 


Citizenship 


Canadian 


Post Office Address 
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Full name of third inventor, if any 


Daniel Rochefort 


Third inventor's signature 

Date 

Residence 


2134 de Calmar, Laval, Quebec, CANADA, HTM 5T1 


Citizenship 


Canadian 


Post Office Address 



Full name of fourth inventor, if any 


Fourth inventor's signature Date 


Residence 


Citizenship 


Post Office Address 


Full name of fifth inventor, if any 


Fifth inventor's signature Date 


Residence 


Citizenship 


Post Office Address 


Full name of sixth inventor, if any 


Sixth inventor's signature Date 


Residence 


Citizenship 


Post Office Address 
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